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Lactogenic Hormone Content of the AP of the Pigeon.* 


Victor Hurst, Jos—EPH MEITES, AND C. W. TuRNER. 
From the Department of Dairy Husbandry, University of Missouri, Columbia, Mo. 


It is quite generally accepted at the present 
time that the factor in the anterior pituitary 
which stimulates the proliferation of the 
pigeon crop glands and the initiation and 
maintenance of milk secretion in mammals is 
the same.1? As a consequence the pigeon 
assay method for the determination of the 
amount of lactogenic hormone in the anterior 
pituitary of experimental animals has been 
preferred to the mammalian lactation test due 


* Contribution from the Department of Dairy 
Husbandry, Missouri Agricultural Experiment Sta- 
tion, Journal Series No. 889. 

1 Bergman, A. J., Meites, J., and Turner, C. W., 
Endocrinology, 1940, 26, 716. 

2Bergman, A. J., and Turner, C. W., J. Dairy 
Sci., 1940, 28, 1229. 


to the much smaller amount of hormone and 
the short time required to obtain a positive 
response. This is true, especially, of the 
intradermal “micro” assay method.):? 

In spite of the general use of the pigeon as 
an assay animal, only a few qualitative ob- 
servations have been reported concerning the 
lactogen content of the pigeon anterior 
pituitary. Riddle and Schooley* observed 
crop weight increases in pigeons following the 
implantation of pituitary glands from mature 
female and immature common pigeons. 


3 Meites, J., Bergman, A. J., and Turner, C. W., 
Endocrinology, 1941, 28, 707. 

4 Riddle, O., and Schooley, J. P., Proc. Soc. 
Exp. Biou. AND Mup., 1934, 32, 1610. 
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Leblond and Noble® reported that the im- 
plantation of 5 mixed male and’ female pigeon 
pituitaries intradermally over the crop glands 
of pigeons gave definite proliferation which 
they graded between +3 to 4. Later Schooley 
and Riddle® showed that the pituitaries of 
male and female pigeons which had been incu- 
bating eggs would cause an increase in crop 
gland weight when implanted or injected into 
pigeons. 

It seemed of interest, therefore, to deter- 
mine the lactogen content of the anterior 
pituitary of the type of pigeon long used in 
our assays and compare it with the content 
in one type of large domestic pigeon, the 
White King. 

Procedure. Normal male and female com- 
mon and White King pigeons were sacrificed 
and the pituitaries removed, weighed and 
stored at a freezing temperature until assayed. 
For the assays, the pituitary glands were 
macerated, suspended in distilled water, and 
injected in a constant volume intradermally 
over the crop gland of common pigeons weigh- 
ing 260-340 g. Both the minimum-micro 
technic! and the Reece-Turner®” method of 
assay were employed. Previous study indi- 
cated that these assay methods are repro- 
ducible within a range of about + 10%.) 

Results. As in mammals, the pituitary of 
the male pigeon contains less lactogenic hor- 
mone than do the females. This is true in 
spite of the fact that the male pigeon aids 
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the female in incubating the eggs and in 
feeding the squabs. The pituitary of the male 
White King as well as of the common pigeon 
by both methods of comparison contain only 
Y% to % as much lactogen as the female 
(Table I). 

The common female pigeon, although con- 
siderably lighter in body weight than the 
Silver King, contains as much or more lactogen 
per pituitary. Per 100 g body weight, the 
pituitary of the Silver King contains only 
Y% to % as much lactogen as the common 
pigeon. 

Discussion. ‘The presence of a factor in the 
pituitaries of birds which appears to be iden- 
tical with the factor in the mammalian pitu- 
itary concerned with the initiation of lacta- 
tion is of interest phylogenetically. In the 
chicken, this factor seems to be related to the 
condition of broodiness;* in the pigeon with 
both broodiness and the secretion of a crop 
“milk” as well. In the pigeon, the prolifera- 
tion of the crop glands is initiated with the 
onset of the incubation period?®:! and reaches 
a climax at the time of hatching to feed the 
young. From these observations, it appears 
that the primitive activity of this factor of 
the pituitary was concerned with the brooding 
action of birds and in the preparation of the 
crop glands to secrete a satisfactory food; 
1.€., pigeon crop milk for the newly hatched 
young. 

In the evolution of the mammalian types, 


TABLE I. 
Lactogenic Hormone Content of the Pigeon Pituitary. 


Avg I.U. of lactogen 


Body Pituitary Per. Permg Perl00g 
Group Sex No.of birds wt,g wt, mg pituitary pituitary body wt 
White King F 8 486 4.29 109% 02 02 
td 73 M 3 505 4.40 .03* 01 -005 
Common Pigeons F ail 303 3.15 leis 04 04 
4 2 F 8 276 4.32 09 02 03 
ay a M 16 302 3.92 O3t 01 01 
* Assayed by the minimum-micro technic.1 (160 units = 1 I.U.) 
+ Assayed by the Reece-Turner method.7 (22.2 units — 1 I.U.) 


- 5Leblond, C. P., and Noble, G. K., Proc. Soc. 
Exp. Bion. AND Mzp., 1937, 36, 517. 

6 Schooley, J. P., and Riddle, O., Am. J. Anat., 
1938, 62, 313. 

7 Reece, R. P., and Turner, C. W., Mo. Agr. Eup. 
Sta. Res. Bul. 266, 1937. 


8 Burrows, W. H., and Byerly, T. C., Proc. Soc. 
Exp. Bion. AND Megp., 1936, 34, 841. 

9 Byerly, T. C., and Burrows, W. H., Proc. Soc. 
Exp. BIOL. AND Mep., 1936, 34, 844. 

10 Beams, H. W., and Meyer, R. K., Physiol. 
Zool., 1931, 4, 486. 
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the egg-laying monotremes, such as the duck- 
bill platypus and the Australian ant-eater, 
would require a factor comparable to that 
present in birds to stimulate the act of incuba- 
tion and thus provide for the hatching of the 
young.” It would seem reasonable that this 
same factor would play a role in the initiation 
of lactation at the close of the incubation 
period in many ways comparable to the rela- 
tion of this factor in stimulating the gradual 
proliferation of a crop secretion to be utilized 
by the newly hatched squab. 

The male pigeon takes part in the incuba- 
tion of the eggs and in the feeding of the 
squabs. It is strange, therefore, that the 
inactive male pigeon pituitary contains def- 
initely less lactogenic hormone than the 
female. In this respect it is quite comparable 
to the sex difference in the lactogenic content 
of mammals.1% 

The mechanism by which the pigeon pitu- 
itary is activated to the production of lactogen 
and the incubation of the eggs is not known. 
eln the male, Patel!! has indicated an associa- 
tion with the incubating female and the act 
of sitting on the eggs to be necessary for the 


11 Patel, M. D., Physiol. Zool., 1936, 9, 129. 

12 Turner, C. W., The Comparative Anatomy of 
the Mammary Glands, Pub. Univ. Coop. Store, 
Columbia, Mo., 1939. 

13 Hurst, V., and Turner, C. W., Endocrinology, 
1943, 31, 334. 


formation of crop milk. Further, castration 
in one incubation cycle did not influence crop 
milk production by the male in that cycle but 
prevented “milk” production in succeeding 
periods. 

The mechanism by which the lactogenic 
hormone in birds is stimulated to increased 
production in order to produce broodiness and 
crop milk formation and in the primitive 
mammals, the egg-laying monotremes, broodi- 
ness and milk secretion may be a sensory 
nervous stimulation comparable to the influ- 
ence of light upon the gonadotropins of the 
pituitary. Whether the estrogens and andro- 
gens play roles in mediating the effect requires 
further investigation. 

Summary. The lactogen content of the 
anterior pituitary of two types of pigeons, the 
common and the White King, were compared 
in both sexes. As in mammals, the pituitaries 
of the male pigeons contained only % to 4 
as much lactogen as the female by all methods 
of comparison even though the male pigeon 
aids in the incubation of the eggs and in 
feeding the squabs. 

The common female pigeon, although con- 
siderably lighter in body weight than the 
White King, contains as much or more lacto- 
gen per pituitary. Per 100 g body weight, the 
pituitary of the White King contains only 
Y% to % as much lactogen as the common 
pigeon. 
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Inactivation of Estrone in Normal Male Rabbits. 


GERSON R. BISKIND AND Morton A. MEYER. 


From the Department of Pathology, Mount Zion Hospital, and the Division of Pathology, 
University of California Medical School, San Francisco. 


The metabolism of estrogens in rabbits has 
been the subject of several conflicting reports. 
Smith and Smith! recovered less than 10% 
of the injected estrogens in the urine of these 
animals; Frank and his collaborators? found 


practically none in the blood after 30 min- 
utes. The original observations were con- 
firmed by Pincus and Zahl?* and their findings 
implicated the uterus as an agent in the con- 
version of estrone to estriol, and the ovaries 


1 Smith, G. S., and Smith, O. W., Am. J. Physiol., 
1931, 98, 578. 

2 Frank, R. T., Goldberger, M. A., and Spielman, 
F., Proc. Soc. Exp. Brox. AND Mep., 1931, 29, 1229. 


3 Pincus, G., Cold Spring Harbor Symposia on 
Quant. Biol., 1937, 5, 44. 

4 Pincus, G., and Zahl, R. A., J. Gen. Physiol., 
1937, 20, 879. 
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in the conversion of estradiol to estrone. Sub- 
sequent experiments showed that the ovaries 
and uterus are not necessary for the conver- 
sion of a-estradiol to estrone and b-estradiol.*® 
Using the im vitro technic Heller’ and Heller 
and Heller? reported that rabbit liver can 
inactivate estrogens in a manner similar to 
rat liver and that the function is not altered by 
the pregnant state. 

Numerous observations indicate that the 
liver is a specific site of inactivation of estro- 
gens in rats, dogs, and human beings; these 
investigations have been summarized else- 
where.®° As the liver exerts so profound an 
effect on the metabolism of estrogens in these 
species, it is important that this function be 
considered in any study on the inactivation or 
interconversion of estrogens im vivo. More- 
over, the hepatic estrogen-inactivating func- 
tion is readily affected by nutritional defi- 
ciency,!° even of moderate degree. Thus the 
experiments to be described were undertaken 
to ascertain whether or not the liver of the 
intact rabbit, like that of the other species 
mentioned, also inactivates estrogen. The 
method previously used in rats!” has been 
applied to the rabbit and confirms that in this 
species too the liver alone is capable of inac- 
tivating estrone. Male animals were employed 
to eliminate any possible interfering activity 
by the uterus or ovaries. 

Methods, The young male rabbits used in 
this experiment varied in weight between 1200 
and 2500 g, and were between 3 and 4 months 
old. In each of 3 of these animals 2 weighed 
pellets of estrone were implanted subcutane- 
ously. In each of a second group of 3 animals 


5 Fish, W. R., and Dorfman, RB. I., J. Biol. Chem., 
1941, 140, xl; 1942, 143, 15. 

6 Heard, R. D. H., Bauld, W. S., and Hoffman, 
M. M., J. Biol. Chem., 1941, 141, 709. 

7 Heller, C. G., Endocrinology, 1940, 26, 619. 

8 Heller, C. G., and Heller, E. J., Endocrinology, 
1943, 32, 64. 

9 Doisy, E. A., Thayer, S. A., and Van Bruggen, 
J. T., Federation Proceedings, 1942, 1, 202. 

10 Biskind, M. 8., and Biskind, G. R., Hndocrin- 
ology, 1942, 31, 109. 

11 Biskind, G. R., and Mark, J., Bull. Johns 
Hopkins Hosp., 1939, 65, 212. 

12 Biskind, G. R., Med. Surg. Tributes to Harold 
Brunn, Univ. Calif. Press, 1942, p. 41. 


INACTIVATION OF ESTRONE IN NorMAL MALE RaAssits 


2 similar pellets were implanted in the spleen. 
A third group of 3 animals served as controls. 
The diet consisted of a standard brand of 
rabbit pellets.* The weight of each animal 
was recorded weekly and all showed a con- 
tinuous gain. The experiment was terminated 
91 days after the pellets were inserted. After 
nembutal anesthesia and. exsanguination the 
testicles were dissected, cleaned of all adherent 
structures, and weighed immediately on a 
damped balance. The testicles were fixed in 
Bouin’s solution together with the seminal 
vesicles, prostate and epididymis. The usual 
methods were employed for dehydrating, em- 
bedding in paraffin, sectioning and staining 
selected blocks of these tissues. 

The experimental data are presented in 
Table I. It is evident that the weights of the 
testicles of the animals with the pellets in the 
spleen are of the same order of magnitude as 
the controls, while the testicles of the group 
implanted subcutaneously weigh only about 
one-sixth as much. Variations in the weights 
of the animals and in the amount of estrone® 
absorbed were not sufficient to influence the 
above result. 

The microscopic sections of the testicles of 
the animals with the pellets in the spleens 
show no significant histologic changes from 
the normal controls. There is pronounced 
alteration of the histologic pattern of the 
testicles of the group implanted subcutane- 
‘ously; the spermatic tubules are shrunken and 
‘are lined by several layers of large vacuolated 
cells that have replaced entirely the normally 
active spermatogenic cells. The lamina pro- 
pria is fibrous and thickened. This histologic 
pattern is very similar to that found after 
experimental cryptorchidism in the rabbit,!? 
and in normal male rats implanted with 
estrone pellets in the subcutaneous tissues fo 
42 days.” $ 

The microscopic sections of the prostate 
and seminal vesicles of the group with the 
pellets in the spleen are almost indistinguish- 
able from the normal controls. A slight inter- 
stitial edema accompanied by a scattering of 


*Globe A-1 Wonder Rabbit Pellets, Pillsbury 
Flour Mills Co., Los Angeles. 

13 Biskind, G. R., and Glick, David, Arch. Path., 
1937, 23, 363. 
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TABLE I, ; 
Estrone Pellets Implanted for 91 Days in the Spleen or in the Subcutaneous Tissues of Male 
Rabbits: Effect on Testicles; Comparison with Normal Controls. 


Body wt 
Animal Location of 


Wt of testes 
Amt estrone 


No. pellet Beginning,g End of exp.,g Right, g Left,g absorbed, mg 
6 => 1850 _ 8370 2.84 2.63 — 
7 — 1200 2925 2.35 2.12 — 
8 — 2400 3600 2.85 2.75 — 
Avg 1817 3278 2.68 2.50 
9 Subcu. 2500 3750 0.45 0.47 1 pellet lost 
10 ie 1850 8045 0.43 0.47 4.1 
11 3 1700 3075 0.44 0.44 3.0 
Avg 2017 3290 0.44 0.46 3.6 
13 Spleen 1800 3000 2.38 2.65 4.0 
15 Hes 2450 3300 2.66 2.70 4.9 
16 ed 2300 3600 2.62 2.71 4.3 
Avg 2217 3300 2.55 2.69 4.4 


lymphocytes and phagocytic mononuclear cells 
is the only histologic deviation from the 
normal. The epithelial elements of these 
organs are similar in these two groups. The 
atrophic condition of the prostate and seminal 
vesicles of the animals implanted subcutane- 
ously is readily distinguished from the above. 
Accompanying the shrunken epithelial ele- 
ments of these organs is a diffuse scattering of 
inflammatory cells in the acini and interstitial 
tissues, with edema and fibrosis of the latter. 


Discussion. In previous experiments of 
this type, performed on rats, a control group 
of animals was employed to exclude the possi- 
bility that the spleen may alter in some manner 
the absorbed estrogen before it is inactivated 
by the liver. In this type of control, the 
pellet was placed in the spleen; then that 
organ was transplanted into the overlying 
abdominal wall. After an interval to permit 
the development of vascular adhesions, the 
splenic vessels were ligated, thus excluding 
the spleen from the portal system and forcing 
the absorbed hormone into the systemic cir- 
culation. The hormone under investigation 
always exerted its specific action under these 
conditions. The uniformity of results in the 
previous experiments indicated that the spleen 
played a passive part as the site of absorption; 
therefore that control group was omitted in 
this experiment. 

A possible explanation of the slight inflam- 
matory reaction in the prostate and seminal 
vesicles of the group with the pellets in the 


spleen is that for a short period immediately 
after implantation of the pellet some of the 
hormone escapes inactivation in the liver, as 
happens in female rats.11 During this time 
the organs may have been altered by the 
hormone with the production of an inflamma- 
tory reaction that has persisted long after the 
epithelial elements have returned to normal. 
The absence of any specific action of the 
absorbed estrone in the animals with pellets 
in the spleen indicates that the compound is 
completely inactivated in the liver. “Even 
though estrogens are excreted with bile and 
may enter into an entero-hepatic circulation, 
as shown by Cantarow et al.,‘* there was still 
no opportunity in our experiment for the 
absorbed hormone to be influenced by the 
genital organs before it reached the liver. 
Hence, one may conclude that the liver is 
capable of inactivating estrone without the 
intermediation of other organs, and that this 
function takes place in the rabbit as well as 
in other species previously mentioned. 
Summary. The liver of normal male rabbits 
has the ability to inactivate estrone as shown 
by the presence of normal testicles and genital 
apparatus in a group of three animals exam- 
ined 91 days after the implantation of estrone 
pellets in the spleens. Alterations in the 
structure of the testicles in rabbits with sub- 
cutaneously implanted pellets corresponded to 


14 Cantarow, A., Rakoff, A. E., Paschkis, K. E., 
Hansen, L. P., and Walking, A. A., Endocrinology, 
1943, 32, 368. 
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the changes found in similarly treated male 
rats, and to the changes produced by experi- 
mental cryptorchidism in rabbits. 


The authors are indebted to Morton S. Biskind 
for suggestions in the preparation of this manu- 
seript. 
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Lactation Activity, Chemical Composition, and in vitro Metabolism of Rat 
Mammary Tissue. ' 


Max Ktierper, ARTHUR H. SMITH, AND PuILiip Levy. 


From the College of Agriculture, University of California, Davis. 


During work on the metabolic effect of lacto- 
genic hormone one of us observed that mam- 
mary tissue from a rat in full lactation con- 
sumed in vitro 2.7 + 0.3 cmm of oxygen per 
mg of dry matter per hour. Mammary tissue 
from a rat that had suckled only one young, 
weaned 8 days before the test, consumed 
in vitro only 0.7 + 0.2 cubic millimeter of 
oxygen per mg of dry matter per hour. 

We have repeated and extended these in 
vitro measurements of the metabolic rate of 
mammary tissue because the work offered an 
opportunity to connect metabolic rate with 
“activity,” a term often used rather vaguely. 
The relation of metabolic rate to the amount 
of “active” tissue has a sound meaning only 
when the activity is defined and measured 
independently of the metabolic rate itself.* 
Lactation provides such an independent defini- 


tion af activity. During the trials described. 


here we noted that both lactation activity and 
metabolic rate are related to the nitrogen and 
water content of the mammary tissue. 
Method. The rats used were bred in our 
colony from the Long-Evans strain and kept 
on our ordinary colony diet. On the day of 
the respiration trial they were killed by a 
blow on the head. Immediately the thorax 
was opened; the mammary gland was placed 
in oxygenated balanced ion glucose solution 
containing phosphate buffer;? and parts of 
the gland, excised with a forceps, were placed 


1 Benedict, F. G., Vital Energetics, 1938, 199. 

* Otherwise one relates just two different expres- 
sions for only one variable. 

2 Kleiber, M., and Cole, H. H., Am. J. Physiol., 
1939, 125, 747. 


in buffered balanced-ion glucose solution and 
subjected to Warburg’s standard procedure of 
micro respiration trial in a water-bath kept at 
37°C. The time between killing the rat and 
installing the manometers in the waterbath 
averaged to 18 + 1 minute and did not exceed 
27 minutes. The amount of tissue used in each 
respiration chamber was measured by deter- 
mining the nitrogen in the sample after the 
trial by the micro Kjeldahl method. In extra 
samples of the same tissue, the nitrogen : dry 
matter ratio and the water content were deter- 
mined. 

Results. Table I summarizes the results 
of these measurements with mammary tissue 
taken on the 20th day of pregnancy and tissue 
taken on the 21st day of lactation. The 
number of fetuses per pregnant rat ranged 
from 9 to 11. Each of the 8 lactating rats 
included in the means suckled 6 young. This 
is the size to which each larger litter in our 
colony is reduced at birth. 

The lactating mammary tissue contained 
less than half as much dry matter as the 
mammary tissue from the pregnant rats. The 
mammary tissue of a rat that had suckled 


only 3 young contained, on the 21st day of 


lactation, 26% of dry matter—a figure higher 
than that for any rat with 6 young. The 
mammary dry-matter content of a rat with 
only 2 young was as high as 35%. Lactation, 
therefore, increases the water content of the 
mammary gland. The nitrogen content of 
the dry mammary tissue had the same trend 
as the water content of the fresh gland. The 
dry matter of the lactating mammary glands 
averaged over 7 times as much nitrogen per 
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TABLE I. 
Lactation Activity, Composition, and Metabolic Rate of Rat Mammary Tissue. 


Condition of rat at time of microrespiration 


20th day of 21st day of 


trial-with mammary tissue pregnancy lactation 
No. of rats included in means 5 8 
Mean No. of fetuses per rat MO) se 05) 
Mean No. of young suckled per rat @ a0) 
Dry-matter % of mammary tissue % 59 +5 23 sel 
Nitrogen % in dry mammary tissue Gow deoee 0.0 9.5 + 0.3 
Oxygen consumption in vitro per hour: 
Per mg of moist tissue mms 0.5+0.1 0.6 + 0.1 
Peer SaOry, tissue mm3 0.9 + 0.2 2:9'- 7013 
222? Momibropen mm3 88 +17 Blue SES 


unit weight as the dry nonlactating mammary 
tissue. The 2 rats with less than 6 young 
apiece again confirm the general trend; the 
nitrogen content of their mammary dry matter 
was 7.8 and 5.7% respectively for the tissue 
from the rat with 3 and that with 2 offspring. 
Lactation thus increases the protein content 
of the dry matter in the mammary gland. 
The metabolic rate in vitro per mg of fresh 
tissue is within the range of the standard 
deviation—the same for lactating and non- 
lactating mammary tissue. The ordinary 
Warburg quotient 202 (cmm of oxygen con- 


sumed per hour per mg dry tissue) is, how- 
ever, 3 times as high for the lactating mam- 
mary tissue as for the mammary tissue taken 
from the pregnant rats. This increasing effect 
of lactation on the metabolic rate per unit dry 
tissue is statistically highly significant. The 
metabolic rate per unit nitrogen is, in contrast 
to that per unit dry matter, only one-third 
as high in the lactating tissue as in the tissue 
from the pregnant rat. 

The results of our micro respiration trials 
lead, accordingly, to the puzzling conclusion 
that lactation does not affect the metabolic 
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rate of the mammary gland, and yet increases 
it or decreases it, depending on whether one 
means the metabolic rate per mg of fresh 
tissue, per mg dry matter, or per mg nitrogen. 

The nitrogen content, usually taken as “the 
most serviceable measure for the active proto- 
plasmic tissue,”! may be misleading as such 
a basis for the metabolic rate of the mammary 
gland, because much of the nitrogen in the 
lactating tissue might be inert milk protein 
or a precursor of this substance. 

Fig. 1 shows the trend of in vitro metabolic 
rate per unit of dry matter for the duration of 
lactation. The standard deviation cf the 
means is indicated by the vertical lines con- 
nected to the circles. In two instances 
(namely, on the 4th and 11th day of lactation) 
when we had only the results from one rat 
each, the broken vertical line indicates the 
extent of the standard deviation for a single 
measurement as calculated from the data on 
the 3rd day. 

The metabolic rate in vitro per unit of dry 
tissue increases up to the 21st day of lactation. 
The rate of milk production in rats in terms 
of milk energy per day also rises up to this 
time, according to Brody and Nisbet? (see 
Fig. C, page 13). Fig. 1, accordingly, indi- 
cates a positive correlation between metabolic 
rate per unit of dry matter and lactation 
activity through the lactation period. The 


3 Brody, S., and Nisbet, Ruth, Missowri Research 
Bul., 285, 1938. 


low Warburg quotient at the 11th day (marked 
with a cross in Fig. 1) resulted from the 
Mammary tissue of a rat that suckled only 
one young. This result also confirms the 
rule that lactation intensity and metabolic 
rate per unit of mammary dry matter are 
positively correlated. 


Summary. Mammary tissue of rats at the 
end _of pregnancy and at the height of lac- 
tation was analyzed for dry matter and nitro- 
gen content, and the metabolic rate of this 
tissue was measured im vitro. 


Lactation increased the water content of 
the mammary tissue and the protein content 
of the mammary dry matter. 


Lactation did not affect the metabolic rate 
per unit of fresh tissue im vitro; it increased 
the metabolic rate per unit of dry matter and 
decreased the metabolic rate per unit of 
nitrogen in the tissue. 

Observations were also made on rats that 
suckled only 1-3 instead of 6 young; and 
measurements were taken on rats with 6 young 
at earlier stages of lactation before full milk 
production was reached. ‘These indicate a 
positive correlation between the intensity of 
lactation and the magnitude of the effect that 
lactation has on the composition and metabolic 
rate of mammary tissue. 


The authors are glad to acknowledge that Robert 
E. Smith helped them effectively with the micro- 
respiration trials. 
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Effect of Estradiol on Urinary Excretion of Ascorbic Acid in the Dog. 


Ewatp E. SELKurt, L. JAMEs TaLzoT,* AND C. RILEY Houck. 


(Introduced by H. W. 


Smith.) 
From the Department of Physiology, New York University College of Medicine. 


An investigation was made of the effect of 
the estrogen, estradiol-benzoate (Progynon-B, 
Schering? ), on the urinary excretion of ascorbic 
acid by the dog, an animal capable of syn- 


* Commonwealth Research Fellow. 
t Supplied by courtesy of Dr. Max Gilbert, 
Schering Corp. 


thesizing ascorbic acid. Studies were made of 
the influence of estradiol on the 24-hour excre- 
tion and on the mechanism of ascorbic acid 
clearance. This was done to determine if 
changes in total excretion might be due to 
alteration of the normal renal mechanism, 
which consists of filtration at the glomerulus 
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and active tubular reabsorption. 

Methods. ‘Control values of the maximal 
tubular reabsorptive capacity (Tm) for 
ascorbic acid of 3 female dogs were determined 
by repeated clearance studies within 34 days 
of the beginning of treatment. This was done 
by constant intravenous infusion of ascorbic 
acid and of creatinine, the clearance of the 
latter measuring glomerular filtration rate in 
the dog. Ascorbic acid was infused at a rate 
sufficient to give load levels in excess of that 
needed for tubular saturation. The clearance 
values of 3 or 4 successive urine collection 
periods were averaged in computing the data. 
The dogs were hydrated prior to the clearance 
to maintain adequate urine flows. 

The creatinine determinations were made 
by the method of Folin and Wu, after the 
plasmas had been precipitated by the CdSO4 
method.® The ascorbic acid of both plasma 
and urine was determined by a modification 
of the method of Mindlin and Butler.* 

Two of the dogs were kept in metabolism 
cages so that 24-hour collections of urine 
could be made. Deterioration of the ascorbic 
acid was minimized by the addition of sul- 
phuric acid to the collection vessels. 

Daily injections of 1.66 mg of estradiol- 
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benzoate in sesame oil were given intramus- 
cularly for periods of 10 to 14 days. During 
this time, 24-hour collections of urine were 
continued and further clearance determina- 
tions of the ascorbic acid Tm were made. To 
allow the plasma levels to return to normal 
values the urine collections were resumed 18 
to 24 hours after infusion of the ascorbic acid. 
Fasting plasma levels of ascorbic acid were 
determined before and during estradiol treat- 
ment. 

Results. Although a renal threshold exists, 
some ascorbic acid is lost in the urine at low 
plasma levels. Dog A had an average daily 
control excretion of 83.0 mg (range: 64-89 
mg); dog B, 112 mg (range: 101-125 mg). 
The control fasting plasma levels of ascorbic 
acid in dog A averaged 0.49 mg%; in dog B, 
0.43 mg%. The average control ascorbic acid 
‘Tm values (mg/min) were as follows: dog A, 
0.581; dog B, 0.531; dog C, 0.560. 

The effects of the injection of estradiol 


became apparent in 3 or 4 days by a rise in 


the daily excretion of ascorbic acid, by a de- 
crease in tubular reabsorption, and by a rise 
in the ascorbic acid clearance/creatinine clear- 
ance ratio. The 24-hour excretion rose to an 
average of 112.0 mg (range: 97-129) in dog 


TABLE I. 
Effect of Estradiol on Clearance of Ascorbic Acid in the Dog. 
Dog A: 19 kg Dog B: 18kg Dog C: 13.5 kg 
.087 mg .092 mg -123 mg 
Progynon/kg Progynon/kg Progynon/kg 
CFS RE Se a 
Control Treated Control Treated Control Treated 
No. of clearance exper.*- 7 6 7 6 6 7 
Load: range: 1.16-2.35 1.14-2.36 1.43-2.69 1.66-2.88 1.42-1.94 1.08-1.65 
(mg/min) avg: 1.67 1.71 2.04 2.12 1.61 1.47 
Tm range: .489-.661 .408-.537 -410-.628 .063-.351 .461-.671 .150-.420 
(mg/min) avg: 581 480 O31 224 -560 306 
Ont range: .540-.725 .600-.773 -638-.776 .812-.974 -608-.695 .667-.890 
avg: 636 704 -733 900 659 790 
Cc 


cr 


* Bach clearance experiment consists of 3 or 4 urine collection periods. 


eas Ascorbic acid clearance 


Cc iy Creatinine clearance 


1 Sherry, S., Friedman, G. J., Paley, K., Berk- 
"man, J., and Ralli, E. P., Am. J. Physiol., 1940, 
130, 276. 

2 Folin, O., and Wu, H., J. Biol. Chem., 1919, 
38, 81. 


3 Fujita, A., and Iwatake, D., Biochem. Z., 1931, 
242 43. 

4Mindlin, R. L., and Butler, A. M., J. Biol. 
Chem., 1938, 122, 673. 
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A and to 186 mg (range: 154-243) in dog B. 
The fasting plasma levels of ascorbic acid 
decreased to 0.32 mg% in dog A and to 0.34 
mg% in dog B. This was accompanied by 
an average decrease in reabsorptive Tm of 
17.5% in dog A, 58% in dog B, and 45.3% 
in dog C. The clearance ratio rose 11, 23, and 


20% respectively. 

Conclusions. Estradiol increases the clear- 
ance of ascorbic acid in the dog by reducing 
tubular reabsorption, the clearance approach- 
ing that of creatinine in some cases. As a 
result, the fasting plasma levels of ascorbic 
acid fall during the treatment. 
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A Test Paper for the Rapid Estimation of the Level of Sulfonamide 
in Serum. 


WILLIAM V. La Rosa. 


(Introduced by Charles L. Hoagland.) 


From the Hospital of The Rockefeller Institute for Medical Research, New York City. 


The reaction of Ehrlich’s reagent, p-di- 
methylaminobenzaldehyde, with aromatic 
amines in acid solution has been made the 
basis of a colorimetric determination of sulfon- 
amides by Werner! and by Morris? Fuller? 
has employed this substance in test papers for 
estimating the level of sulfonamide in laked 
blood after precipitation of proteins with an 
acid reagent, comparing the yellow color pro- 
duced with standard color strips. The present 
paper describes the preparation of acid-con- 
taining test papers with which the level of 
sulfonamide can be estimated directly in 
serum without the addition of precipitating 
or acidifying reagents. 

One gram of p-dimethylaminobenzaldehyde 
(straw-colored material is usable) is dissolved 
in 2 cc of concentrated hydrochloric acid and 
to the solution is added 0.8 cc of syrupy phos- 
phoric acid (sp. gr. about 1.7) and water to 
make 100 cc. Large pieces of a good grade 
of absorbent paper (such as is used in making 
litmus paper) are soaked in the solution and 
immediately hung up to drain. When super- 
ficially dry, the papers are stored in the dark 
in covered glass jars for from 5 to 10 days, 
during which time most of the hydrochloric 
acid evaporates. The edges of the paper, 
which are usually yellow, are then trimmed 
off and the paper is cut into small strips and 


1 Werner, A. HE, A., Lancet, 1939, 1, 18. 
2 Morris, C. J., Biochem. J., 1941, 35, 952. 
3 Fuller, A. T., Lancet, 1942, 1, 760. 


preserved in suitable vials. The strips are 
almost colorless, but become discolored if they 
come in contact with the skin at any time 
during preparation or use. The phosphoric 
acid remaining in the papers is sufficient to 
give a pH of approximately 3 when they are 
moistened with serum. 

Estimation of the sulfonamide level is made 
by spreading evenly the serum to be tested 
over one end of an impregnated strip by 
means of a fine dropper, care being taken that 
unabsorbed fluid does not remain. In this 
way, the serum is spread over the paper by 
the movement of the dropper rather than by 
the capillarity of the fibers, and the reagents 
are consequently not leached out of areas 
which are oversaturated. Within 10 seconds 
a maximum development of color occurs. To 
avoid translucence of the paper interfering 
with the reading, the wet strip is held close 
to a white background or placed on white 
paper or white porcelain. The color is then 
judged in comparison with a graded series of 
dry standard color strips. The color ranges 
from a pale violet with normal human serum 
to a bright yellow with serum containing 
15-20 mg sulfadiazine per 100 cc. A com- 
parison of values obtained by the test-paper 
method with those secured by the method of 
Bratton and Marshall+ are set forth in 
Table I. 


4 Bratton, A. C., Marshall, E. K., Babbitt, D., and 
Hendrickson, A. R., J. Biol. Chem., 1939, 128, 537. 
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TABLE I. 
Comparative Sulfadiazine Estimations. 


Estimation by test papers 
Mh ae Ge, A 


Serum Method of Bratton Observer* 
sample and Marshall A B Cc D 
No. mg % mg% mg% mg% mg% 
al 0.0 0 0 0 0 
2 0.0 0 0 0 0 
3 0.0 0 0 0 0 
4 Dall 6 if 4 4 
5 4.3 4 5 4 3 
6 Sal iss 6 4 4 
ff 14.2 14 11 12 wal 
8 9.3 10 9 8 1a! 
9 9.5 10 —_ — — 
10 6.2 6 7 10 plat 
dal 6.4 6 8 8 8 
12 3.6 4 6 6 5 
13 es 8 9 6 8 
14 0.0 0 0 0 0 
alts 72 6 4 4 4 
16 We 8 — — — 
ily Waa 8 6 6 6 
18 8.0 8 8 8 8 
19 6.2 6 9 4 8 
20 14.2 14 13 12 12 
21 7.8 8 5 8 ial 
22 6.8 8 8 6 10 
23 8.3 8 10 8 11 
24 5} 4 7 4 4 
25 7.3 A 6 7 6 8 
26 0.0 0 0 0 0 
27 4.8 4 6 8 4 
28 10.3 10 let! 12 10 
29 10.0 10 10 8 10 
30 11.2 10 10 8 12 
nt 9.7 — 8 12 12 


* A—-Experienced observer. 


Satisfactory color standards may be made 
by coloring paper strips with either water 
colors or soluble dyes. Suitable graded 
concentrations of picric acid in combination 
with Orange G to furnish the weak reddish 
component have been satisfactory. Standards 
made by selection of appropriate tints from 
samples of colored construction papers should 
prove satisfactory. The colors are calibrated 
by comparison with test strips moistened 
under the usual conditions with human sera 
containing known amounts of sulfonamide as 
determined in serum by standard methods. 
A single color standard is suitable for estima- 
tion of sulfapyridine, sulfathiazole or sulfa- 
diazine; for sulfanilamide the values read 
from this standard should be divided by 1.5. 

The standard does not apply to urine and 
body fluids containing variable amounts of 
protein. The colors can be grouped in in- 


B, C, D—Inexperienced observers. 


tensities corresponding to 0-3, 3-6, 6-9, 9-12 
and over 12 mg of sulfadiazine per 100 cc or 
in other convenient groupings. After some 
practice readings may be obtained which agree 
within 1 mg (plus or minus) with determina- 
tions made by the method of Bratton and 
Marshall. In any event, in the hands of a 
worker experienced in the clinical interpreta- 
tion of sulfonamide levels, serum concentra- 
tions should be readily classifiable into group- 
ings such as “zero,” “subtherapeutic,” “thera- 
peutic” and “toxic.” The limits of concen- 
tration for any group will depend, as in the 
method of Bratton and Marshall, on the type 
of sulfonamide administered. Sulfonamide 
values for whole blood are not directly trans- 
ferable to serum values, since the latter are 
usually higher for the same blood sample. 
The reaction on the test papers is given by 
free sulfonamides and other primary aromatic 
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amines including p-aminobenzoic acid, 7.e., by 
the same compounds that give color in the 
method of Bratton and Marshall.* Urea in 
pathological concentrations yields significant 
amounts of color with Ehrlich’s reagent. 
Pyrrols and indoles, however, do not react 
with the reagent at the acidity attained in the 
test. Moderate hemolysis in the serum seems 
not to interfere seriously with color matching. 
The chief bars to accuracy appear at the 
present time to be (a) the possibility that the 
test papers or the standards may prove to be 
unstable under certain conditions of storage 
or exposure and (b) the fact that since the 
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intensity of the color is influenced by pro- 
tein and the test is empirically standardized 
for normal protein content of serum, altera- 
tions of the proteins in pathological sera might 
lead to inaccuracies. The first difficulty can 
be removed in part by keeping test papers in 
a cool place away from direct light and 
moisture. The other.limitations as yet have 
not been adequately explored. Results of 
attempts to replace the phosphoric acid by 
oxalic or citric acids in the preparation of 
test papers indicate that modification in this 
direction is possible. 
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The Chemotherapeutic Effect of Esters of Penicillin.* 


Kari Meyer, Grapys L. Hopspy, AnD Martin H. Dawson. 
From the Departments of Ophthalmology and Medicine, College of Physicians and Surgeons, 
Columbia University, The Institute of Ophthalmology and the Edward Daniels Faulkner 
Arthritis Clinic, Presbyterian Hospital, New York. 


In a recent communication! the preparation 
of esters of penicillin was reported. Although 
aliphatic esters show no bacteriostatic action 
in vitro, it was shown that they are highly 
effective chemotherapeutic agents in experi- 
mental infections due to hemolytic strepto- 
cocci. Evidence was presented to show that 
they are effective in vivo both by the subcu- 
taneous and by the oral route of administra- 
tion. This activity is undoubtedly due to the 
hydrolysis of the esters with a slow liberation 
of active penicillin. 

In this paper experiments will be described 
which confirm and extend the previous ob- 
servations. 

Materials and Methods. The penicillin 
employed throughout the study was prepared 
by the chloroform method.* The free acid was 
esterified with diazoethane or diazo-n-butane 


* This work has been supported in part by a 
grant from the John and Mary R. Markle Foun- 
dation. 

1 Meyer, K., Hobby, G. L., and Chaffee, E., 
Science, 1943, 97, 205. 

2 Meyer, K., et al., Science, 1942, 96, 20. 


prepared from the corresponding derivatives 
of nitroso-urea. Remaining acidic fractions 
were separated from the ester by alkaline 
phosphate extraction.t Unless otherwise speci- 
fied, the esters were dissolved in absolute 
alcohol before use and the solutions diluted 
with four volumes of propylene glycol. 

In all experiments 15-hour blood broth 
cultures of a highly virulent strain of Group 
A hemolytic streptococci (strain C203Mv) 
were used. Mice were infected by the intra- 
peritoneal route with 1 cc of varying dilutions 
of culture. Treatment was carried out by 
either the subcutaneous or the oral route of 
administration. All experiments were con- 
trolled with a series of untreated animals. 

Subcutaneous Administration. In the first 
experiments mice infected with 1 cc of 10°, 
10~, and 10> dilutions of hemolytic strepto- 
cocci were treated with ethyl esters of peni- 


t Oily fractions removed from both the ethyl 
and butyl esters contained ethers and addition 
products of the diazo compounds, probably pyrazo- 
line derivatives. These oily fractions were only 
weakly active in vivo and were locally irritating. 
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TABLE I. 
Subcutaneous Administration of Ethyl Esters of Penicillin in Divided Dosage. 


Total amt of ester Dilution of culture No. of No. died No. survived 
(in mg) (Strain C203My) mice (<48 hr) (>7 days) 
1.4-4.5 10-3 14 14 
10+ 15 1 14 
10-5 15 1 14 
Total 44 2 (4.5%) 42 (95.5%) 
0.6 10-3 3 2 1 
10-4 2 i a 
10-5 3 1 2 
Total 8 4 (50%) 4 (50%) 
Controls 10-7 12 12 (100%) 
TABLE II. 


Subcutaneous Administration of Ethyl Esters of Penicillin in Single Dosage. 


Total amt of ester Dilution of culture No. of No. died No. survived 
(in mg) (Strain C203 My) mice (<48 hr) (>7 days) 
2.0 10+ 3 3 
10-5 3 3 
10-6 3 3 
10-7 3 3 
Total 12 12 (100%) 
Controls 10-7 10 10 (100%) 


cillin given by the subcutaneous route. Treat- 
ment was started one-half hour after infection. 
Two to 4 injections of 0.1-1.0 mg were given 
on the first day and one to 2 injections of the 
Same amount on the second day. 

As shown in Table I, amounts equal to 1.5 
mg of ethyl ester or more were adequate to 
protect 42 of 44 mice against 10-*, 10+, and 
10~ dilutions of hemolytic streptococci (ap- 
proximately 100-10,000 lethal doses). With 
0.6 mg there was little protection. 

In a subsequent experiment a small series 
of mice similarly infected with hemolytic strep- 
tococci were treated with a single subcutaneous 
injection of 2 mg of ethyl ester given one-half 
hour after infection. 

As shown in Table II, this single injection 
was adequate to give complete protection 
against 10~+ dilutions of hemolytic strepto- 
cocci (1000 lethal doses). 

The chemotherapeutic effect of n-butyl 
esters was studied in a larger series of animals. 
Both unfractionated and more highly purified 
fractionated preparations of the ester were 
tested. Varying amounts of the unfraction- 


ated and fractionated butyl esters, ranging 
from 0.5 to 2.5 mg, were given in a single 
subcutaneous injection one-half hour after 
infection. 

As shown in Table III, 1.5 mg of unfrac- 
tionated butyl ester was adequate to give com- 
plete protection against 10+ to 10-® dilutions 
of hemolytic streptococci. With 0.5 mg only 
slight protection was obtained. 

When more highly purified fractionated 
n-butyl esters were used, as shown in Table 
IV, 0.4 mg was adequate for prolonged life or 
complete protection of 100% of infected mice. 
With 0.2 mg there was only partial protection. 

Oral Administration. Mice infected with 
hemolytic streptococci were also treated by 
the oral route of administration. 

Table V shows a small series of which 13 
of 16 mice were protected against 10+, 10-°, 
10-*, and 10~ dilutions of hemolytic strepto- 
cocci by a single dose of 5.0 mg of ethyl ester 
given by mouth. The remaining 3 mice 
showed prolonged life. With smaller amounts 
of ethyl ester, there was no protection. 

Similar experiments were carried out in 
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TABLE III. 
Subcutaneous Administration of Unfractionated n-Butyl Esters of Penicillin in Single Dose. 
No. pro- 
Total amt of Dilution of culture No.of No. died longed life No. survived 
ester (in mg) (Strain C203Mv) mice (<48hr) (2-7 days) (>7 days) 
2.5 HO 3 3 
10-5 3 3) 
10-6 3 3 
1.5 10-4 6 = 6 
10-5 6 6 
10-6 6 6 
Total 27 27 (100%) 
0.5 10-4 il 7 
10-5 7 1 6 
10-6 7 2 2 3 
Total 21 9 (42.9%) 3 (14.2%) 9 (42.9%) 
Controls 10-7 9 9 (100%) 
TABLE IV. 
Subcutaneous Administration of Fractionated n-Butyl Hsters of Penicillin in Single Dosage. 
No. pro- 
Total amt of Dilution of culture No.of No. died longed life No. survived 
ester (in mg) (Strain C203 Mv) mice (<48hr) (2-7 days) (>7 days) 
0.5-1.5 10-4 15 il 14 
10-5 15 15 
10-6 14 4 10 
0.4 Ngee 4 ut 3 
10-5 4 4 
10-6 3 3 
Total 55 6 (10.9%) 49 (89.1%) 
0.2 10-4 4 2 2 
10-5 4 a 1 2 
10-6 4 1 3 
Total 12 4 (33.3%) 1 (8.3%) 7 (58.4%) 
Controls 10-6 12 12 
10-7 12 12 
Total 24 24 (100%) 
TABLE V. 
Oral Administration of Ethyl Esters of Penicillin in Single Dosage. 
No. pro- ; 
Total amt of Dilution of culture No.of No. died longed life No. survived 
ester (in mg) (Strain C203 Mv) mice (<48 hr) (2-7 days) (>7 days) 
5.0 104 2 2 
10-5 4 4 
10-6 7 3 4 
10-7 3 3 
Total 16 3 (19%) 13 (81%) 
Controls 10-7 10 10 (100%) 
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TABLE VI. 
Oral Administration of Fractionated n-Butyl Esters of Penicillin in Single Dosage. 
No. pro- 
Total amt of Dilution of culture No.of No. died longed life No. survived 
ester (in mg) (Strain C203 My) mice (<48 hr) (2-7 days) (>7 days) 
4.0 10+ 9 3 1 5 
10-5 5 5 
10-6 5 5 
Total 19 3(15.9%) 1 (5.2%) 15 (78.9%) 
2.0-3.0 10-4 10 2 3 5 
10-5 10 3 Uf 
10-6 10 3 3 4 
Total 30 8 (26.7%) 6 (20%) 16 (53.3%) 
1.0 10+4 5 5 
10-5 5 2 2 Al 
10-6 5 2 3 
Total 15 9 (60%) 2 (13.3%) 4 (26.7%) 
Controls 10-6 10 10 
10-7 10 10 
Total 20 20 (100%) 


r 


which fractionated n-butyl ester was used. 
A single dose of varying amounts of ester 
was given by mouth one-half hour after 
infection. 

As shown in Table VI, 15 of 19 mice were 
protected against 10-*, 10-, and 10 dilu- 
tions of hemolytic streptococci by 4.0 mg of 
fractionated n-butyl ester. With 2.0 to 3.0 mg 
protection was less regular, whereas with 1.0 
mg there was only slight protection. 

The admiristration of esters by divided 
dosage does not affect the total amount neces- 
sary for protection. When a strain which 
kills within 48 hours (as C203Mv) is used, 
the entire therapeutic dose must be given 
within the first five to six hours after infec- 
tion. 

Similar experiments have been carried out 
with a type II strain of pneumococci (D/39). 
It was found that these esters are also effective 
against this organism. 

Toxicity. Experiments were carried out in 
white mice to determine the toxicity of ethyl 
and n-butyl esters. Varying amounts of 
preparations of ethyl ester and n-butyl ester 
were injected into normal white mice by the 
subcutaneous and by the oral route. Both 
esters, when given in sufficient amount, pro- 
duced in mice a narcotic effect resulting either 


in gradual recovery or in death after 2 to 30 
hours. Different preparations of ester showed 
slight variations in the degree of toxicity. It 
was found that by either route of administra- 
tion the LDs9 of the ethyl ester of penicillin 
is about 6-7 mg per 18 g mouse, whereas the 
LD5» of the n-butyl ester ranges from 8 to 10 
mg. When divided dosage is used over a 
period of 18 to 20 hours, the LDso remains 
unchanged. Apparently there is a cumulative 
effect. 

Rabbits, weighing 6-7 Ibs each, have been 
injected by the subcutaneous and intravenous 
routes with alcoholic solutions containing 
amounts up to 100 mg of n-butyl ester with no 
untoward results. 

Discussion. The use of penicillin has been 
seriously hampered by its rapid excretion and 
by the consequent necessity for frequent ad- 
ministration in order to maintain an adequate 
blood level. In a previous communication,? 
experiments were described in which a slow 
release of penicillin could be obtained in the 
body by the subcutaneous administration of 
penicillin suspended in oil or in the form of 
dry pellets. These methods, however, have 


3 Hobby, G. L., Meyer, K., and Chaffee, E., 
Proc. Soc. Exp. Brot. AND MED., 1942, 50, 285. 
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not been suitable for use in human therapy. 
The preparation of esters of penicillin and 
the demonstration of their chemotherapeutic 
activity introduces a group of substances 
which can be changed from an inactive to an 
active form by hydrolysis within the animal 
body. The hydrolysis of these esters with the 
liberation of active penicillin takes place slowly 
in the body. A single injection is therefore 
adequate to give complete protection against 
hemolytic streptococcal infections in mice. 
The ethyl and n-butyl esters of penicillin 
appear to be stable. In contrast to penicillin, 
they are not destroyed at the pH of the 
stomach and are highly active when adminis- 
tered by mouth. Absorption from the stom- 
ach is less regular, however, and the thera- 
peutic dose is approximately ten times greater 
by the oral route than by the subcutaneous. 
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The toxicity of the ethyl and n-butyl esters 
of penicillin is 2 to 3 times that of penicillin. 
However, when the subcutaneous route of 
administration is used, the toxic range is far 
above the therapeutic range. When the oral 
route is used, the therapeutic dose more closely 
approaches the toxic level. In the case of 
the n-butyl ester the range is sufficiently wide, 
however, for satisfactory use of the substance. 

Conclusions. Although inactive in vitro, 
ethyl’ and n-butyl esters of penicillin have 
been shown to be highly effective chemothera- 
peutic agents in mice infected with large doses 
of virulent hemolytic streptococci. These 
esters are apparently hydrolyzed slowly with 
the liberation of active penicillin. They are 
effective when given by the subcutaneous or 
by the oral route of administration. 
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Antigenically Different Strains of Virus from a Localized Influenza 
Outbreak. 


THoMAS P. MAGILL AND JOHN Y. Succ. 


From the Department of Bacteriology and Immunology, Cornell University Medical College, 
New York City. 


The purpose of this paper is to present 
additional evidence that antigenically different, 
although related, strains of virus may be 
prevalent during the same outbreak of influ- 
enza. It previously has been observed that 
cases of influenza that occur during the same 
large epidemic are not all caused by anti- 
genically identical agents.1 The present data 
confirm that previous observation, and are 
of especial interest because they deal with 
an outbreak of influenza that was a particu- 
larly well localized one. 

The influenza outbreak with which the inves- 
tigation was concerned and which consisted 
of 40 clinically diagnosed cases of epidemic 
influenza, was observed in the nurses’ infirmary 
of The New York Hospital during January 
and February, 1941. Throat washings ob- 


1 Magill, T. P., and Francis, T., Jr., Brit. J. Hap. 
Path., 1938, 19, 273. 


tained from 11 of the persons were tested for 
virus, and in 5 instances strains of influenza 
virus were isolated and adapted to Swiss mice. 
The 5 strains were compared with each other 
and with the PR8® by means of mouse pro- 
tection tests in which each strain of virus was 
tested against the same group of antiserums. 
The antiserums were obtained from 6 rabbits 
each of which had been inoculated with a 
different strain of virus: bleedings were ob- 
tained from each rabbit 9 or 10 days and 
3 to 4 weeks after a single intraperitoneal 
injection of a suspension containing 2% 
infected mouse lung in 0.85% saline. The 
virus suspensions used in the different pro- 
tection tests were all comparable in that they 
contained the same magnitude of lethal doses 
of virus (from 300 to 600) for mice. The 
results of the tests are presented in Chart 1. 


2 Francis, T., Jr., Science, 1934, 80, 457. 
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PROTECTION TESTS WITH STRAINS OF 
RABBIT ANTISERUMS 
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In Chart 1, the results are summarized in 
the form of graphs in which the points rep- 
resent the protective antibody titers of the 
different serums against the particular strain 
of virus. The titers are expressed as the 
initial dilution of serum that would protect 
50% of the mice from death. On the basis 
of the shapes of the graphs it is apparent that 
all of the 1941 strains (MR, VH, KD, AN, and 
CC) differ not only from the PR8 but also 


3 Reed, L. J., and Muench, H., Am. J. Hyg., 
1938, 27, 493. 


from each other. For example, in the tests 
against the 9- or 10-day antiserums, the MR, 
VH, and KD resemble each other more than 
they do the PR8, but in each instance the 
peak of the graph is at a different point; that 
is, each of those strains was more effectively 
“neutralized” by the homologous antiserum. 
The AN and CC strains were poor antigens 
and produced antiserums that had low pro- 
tective capacities against even the homologous 
strain of virus. 

As might be expected, the serums obtained 
9 or 10 days after inoculation were more 
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specific and hence better suited to demon- 
strate the antigenic differences between the 
strains than were the serums obtained 3 to 4 
weeks after inoculation. In the tests against 
the latter group of serums the graphs of the 
MR and VH strains were almost identical. 
However, the differences between the other 
1941 strains were still evident. Furthermore, 
rather marked differences were still apparent 
between the 1941 strains as a group, and 
the PR8. 

In view of the nature of the data presented, 
the relative time during the outbreak at which 
each of the different strains was isolated seems 
to be a point of interest. Chart 2 shows the 
total number of cases admitted to the nurses’ 
infirmary of The New York Hospital during 
each week of the influenza outbreak, and also 
the time at which the throat washings were 
obtained from each person from whom a strain 
of virus was isolated. The antigenic charac- 
teristics seem to be unrelated to the relative 
time of the outbreak at which the strain was 
isolated. For example, strains VH and CC 


VIRUSES FROM A LOCALIZED INFLUENZA OUTBREAK 


OUTBREAK 


which were isolated from persons that were 
admitted to the infirmary within 24 hours of 
each other, seem to differ from each other as 
much as do any other 2 strains; whereas 
strains MR and VH which were isolated from 
persons who were ill 3 weeks apart, resemble 
each other rather closely. 

The evidence at present available is insuffi- 
cient to indicate whether a number of different 
but stable strains of influenza virus exist, or 
whether the influenza virus is a relatively 
unstable agent that may be altered in anti- 
genic characteristics by the peculiar immuno- 
logic state of the hosts which it happens to 
infect. Regardless, however, of the reason 
for the existence of antigenically different 
strains, the present data are of interest be- 
cause they show that even a well localized 
outbreak of influenza may consist of individual 
infections some of which are caused by one, 
some by another of a number of different 
although antigenically related, strains of influ- 
enza virus. 
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Adrenal Volume in Male Rats with Reduced Glucose Tolerance. 


Motte A. GEIss. 


(Introduced by B. K. Harned.) 


From the Department of Pathology, Woman’s Medical College of Pennsylvania, Philadel- 
phia, Pa. 


Cole and Harned? observed in a colony of 
the Yale strain of rats a low and erratic 
glucose _ tolerance. Subsequently, these 
authors? compared rats of the Yale and 
Wistar strains grown on the same diet and 
under the same conditions for 3 or more gen- 
erations and reported that animals of the Yale 
strain exhibited a higher fasting blood sugar, 
a lower glucose tolerance, a greater hyper- 
glycemic response to epinephrine, an initial 
resistance to insulin, a more rapid rate of 
growth and larger size, a higher percentage 
of body fat, a more irregular oestrus cycle 
and a higher incidence of sterility. Hyper- 
function of the anterior pituitary was sug- 
gested as a common denominator for these 
differences.? Geiss® examined this hypothesis 
by the differential cell count method and found 
no significant difference between the anterior 
lobe of the pituitary glands of mature males 
from the two colonies. Cole and Harned had 
found the most pronounced differences be- 
tween the two strains in the mature males. 
In 1942 these authors’ compared the weights 
of the pituitary and adrenal glands of the 
two strains in relation to body weight. They 
found that in males of the same weight the 
adrenals of the Yale strain were significantly 
heavier than those of the controls. On the 
basis of this finding it appeared important to 


1 Cole, V. V., and Harned, B. K., Endocrinology, 
1938, 23, 318. 

2 Harned, B. K., and Cole, V. V., Endocrinology, 
1939, 25, 689. 

3 Cole, V. V.,,and Harned, B. K., Proc. Soc. 
Exp. Biou. AnD Mzp., 1939, 42, 738. 

4 Harned, B. K., arid Cole, V. V., Science, 1940, 
92, 361. 

5 Cole, V. V., Harned, B. K., and KeelersC. E., 
Endocrinology, 1941, 28, 25. 

6 Geiss, M. A., Proc. Soc. Exp. Biot. anD Mep., 
1941, 47, 121. 

7 Cole, V. B., and Harned, B. K., Endocrinology, 
1942, 30, 146. 


determine the volume of the adrenals of 
mature males of the Yale strain with the 
primary purpose of comparing the volume of 
the cortex and of the medulla with that of 
the controls. 

Material and Methods. The adrenal glands 
of 10 mature male rats of the Yale strain and of 
an equal number of mature males of the Wistar 
strain matched in weight were used in the 
study. The average weight of the Yale rats 
was 345.9 g; of the Wistar rats, 349.2 g. The 
glands were not weighed. They were fixed 
in Allen’s fluid. Both glands of each animal 
were embedded in the same paraffin block. 
Serial sections were cut at 10 microns; all 
sections were mounted and stained with 
hematoxylin and eosin. Both glands of each 
animal were studied. No effort was made to 
distinguish the left from the right gland. 

The method of Dornfeld e¢ a/.8 for the 
determination of the volume of the ovary of 
the rat was followed with minor modifications. 
Every fifth section of each gland was pro- 
jected at a magnification of 18 and the outline 
of the gland and of the medulla was traced 
as directly projected. When necessary the 
cortico-medullary demarcation line was 
checked under the microscope. This pro- 
cedure was useful occasionally in sections 
where the medulla was small. The area of 
the gland and of the medulla in the traced 
outline of each projected section was measured 
with a planimeter fixed to read in inches. The 
square areas of all the projection-tracings of 
each gland and its medulla were plotted. The 
square areas were used as the vertical units and 
the serial numbers of the sections as the hori- 
zontal. Planimetric measurement of the area 
under each curve was made. The volume of 
each gland and of its medulla was calculated 
from the square areas under the curves by the 


8 Dornfeld, E. J., Slater, D. W., and Scheffe, H., 
Anat. Rec., 1942, 82, 255. 
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TABLE I. 
Volume of Adrenals—Whole Gland, Medulla, Cortex. 


Yale rats (males) 


Yo en ee Tee, SEE ay Le ee 
Volume in emm 


Controls (males) 


a 
Volume in cmm 


Vg as “> 2 ey 
Body wt Adrenal Medulla Cortex Body wt Adrenal Medulla Cortex 
226 43.9 2.6 41.3 229 18.2 ted alyieas 
58.4 3.0 55.1 22.0 1195) 20.5 
227 3550 1.9 33.4 237-—~ 19.0 1.2 17.8 
44,9 2.8 42.1 25.5 1.4 24.1 
233 26.8 1.5 2513 256 39.7 32 36.5 
33.0 2.0 31.0 34.5 2.7 31.8 
315 41.0 2.6 38.4 307 34.6 4.2 30.4 
50.7 She 47.4 31.5 3.0 28.5 
383 40.5 3.6 36.9 390 20.4 1.2 19.2 
37.0 2.4 34.6 34.5 3.0 30.8 
410 41.2 Dele 37.5 397 31.9 2.9 29.0 
33.9 oun 30.8 28.9 2.0 26.9 
414 24.3 1.6 22.7 400 32.4 3.7 28.7 
23.4 d.0) 22.4 39.9 4.2 35.7 
410 26.9 3.2 23.7 406 25.5 Dey 23.8 
29.2 2.5 26.7 31.6 2.7 28.9 
415 40.4 3.2 37.2 424 13.8 1.8 12.0 
43.6 3.9 39.7 16.0 1.8 14.2 
436 37.6 2.7 34.9 446 29.9 4.9 25.0 
36.6 3.1 33.5 26.5 pil 23.4 
TABLE IT. 
Statistical Analysis. 
Stand. Coeff.of Standard 
Adrenal Min Max Median Mean dey. variation error 
; A. Yale Rats. 
Gland 23.4 58.4 37.3 37.4 8.6 23.0 1.9 
Medulla 1.0 3.9 2.7 Dail, 0.8 29.6 0.2 
Cortex 22.4 55.1 34.7 34.7 8.0 23.0 1.8 
B. Controls. 
Gland 13.8 39.9 29.4 27.8 7.4 26.6 1.7 
Medulla teal 4.9 2.7 2.6 11 42.3 0.2 
Cortex 12.0 36.5 25.9 25.2 6.6 26.1 1.5 


formula used by Dornfeld. Having computed 
the volume of the gland and of the medulla 
the volume of the cortex was taken as the 
difference. 

Conclusions. 1. The volume of the adrenal 
of mature male rats of the Yale strain (rats 
with a reduced glucose tolerance) is signifi- 


cantly greater than that of the controls. 
2. There is no significant difference in the 
volume of the medulla of the two strains. 
3. The larger volume of the adrenal of the 
Yale rats is therefore due to the larger volume 
of the cortex. 
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In vitro Action of Urea-Sulfonamide Mixtures. 


Witiram M.M. Kirsy. (Introduced by A. L. Bloomfield.) 


From the Department of Medicine, Stanford University School of Medicine, San Francisco, 
/ _ California. 


Mixtures of urea with sulfonamides have — 


recently been employed for topical application 
to infected wounds.! Advantages of urea are 
that it increases the solubility of sulfonamides, 
and that it has strong peptizing, lytic, and 
deodorant actions.” In addition, the value of 
urea would be greatly enhanced if it could 
be shown to actually potentiate the bacterio- 
static action of the sulfonamides, or to antag- 
onize the sulfonamide inhibitors present in 
pus and certain body fluids. The recent 
experiments of Tsuchiya and colleagues indi- 
cate that the antisulfonamide action of methi- 
onine and of p-aminobenzoic acid can be over- 
come by the addition of urea to sulfonamide 
solutions,?* and further that urea-sulfonamide 
mixtures are effective against sulfonamide- 
resistant staphylococci.® 

The present paper is a report of experiments 
performed in an attempt to confirm and extend 
the results of Tsuchiya e¢ al., using different 
technical methods. 

Method. The quantitative methods evolved 
in this laboratory in connection with studies 
of sulfonamide resistance have been described 
elsewhere in detail. Briefly, growth curves 
were measured turbidimetrically under rigidly 
controlled conditions for a period of 24 hours 


1 Holder, H. G., and MacKay, E. M., Military 
Surg., 1942, 90, 509. 

2 Olson, M., Slider, E., Clark, W. G., and Mac- 
Donald, R., Proc. Soc. Exp. Biot. anp MEep., 
1942, 49, 396. 

3 Tsuchiya, H. M., Tenenberg, D. J., Clark, W. G., 
and Strakosch, E. A., Proc. Soc. Exp. Bion. AND 
Mep., 1942, 50, 262. 

4 Tenenberg, D. J., Tsuchiya, H. M., Clark, W. G., 
and Strakosch, E. A., Proc. Soc. Exp. Biot. AND 
Mep., 1942, 51, 247. 

5 Tsuchiya, H. M., Tenenberg, D..J., Strakosch, 
E. A., and Clark, W. G., Proc. Soc. Exp. Bro. AND 
Mep., 1942, 51, 245. 

6 Kirby, W. M. M., and Rantz, L. A., J. Exp. 
Med., 1943, 77, 29. 


or more. In the present studies the organism 
was E. coli, and the synthetic medium was the 
same as that previously described. The addi- 
tion of solutions of urea, sulfathiazole, and 
p-aminobenzoic acid did not alter the pH of 
the basal medium. 

Three types of experiments were performed, 
as follows: 


(1) The effect of various concentrations of 
urea upon the growth of the organisms was 
determined. 

(2) Various concentrations of urea were 
added to p-aminobenzoic acid-sulfonamide 
mixtures to determine the effect of urea upon 
the antisulfonamide action of p-aminobenzoic 
acid. 

(3) Various concentrations of urea were 
added to basal medium plus sulfathiazole plus 
a sulfonamide-resistant strain of E. coli to 
see if urea would potentiate the action of the 
sulfonamide against the resistant organisms. 

Results. The effect of concentrations of 
urea ranging from 0.20% to 2.0% upon the 
growth of the test organisms is shown in 
Fig. 1. During the phase of active growth 
there was definite bacteriostasis by all the 
concentrations of urea employed, even as little 
as 0.20%, and the degree of bacteriostasis was 
roughly proportional to the amount of urea 
present. When maximal growth was reached 
in the control tube, growth of the partially 
inhibited organisms continued until the same 
maximal level was reached. 

With the sulfathiazole-p-aminobenzoic acid 
mixtures, the addition of concentrations of 
urea which were not bacteriostatic (less than 
0.20%) did not affect the growth of the 
organisms. Bacteriostatic concentrations of 
urea inhibited growth in the sulfathiazole-p- 
aminobenzoic acid mixtures to the same extent 
as they did in the control tubes, but no more; 
the effect was purely additive. This is illus- 
trated in Fig. 2. 
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Fig. 1. 


Effect of various concentrations of urea upon the growth of ZL. coli. 
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Fie. 2. 
Effect upon a non-resistant strain of #. coli of adding urea 1% to a mixture of p-amino- 


benzoic acid (PABA) 1 mg% and sulfathiazole (ST) 10 mg%. 


Growth of the sulfonamide resistant organ- 
isms plus sulfathiazole was not inhibited by 
concentrations of urea which were not bacterio- 
static. The degree of inhibition of growth 
produced by bacteriostatic concentrations of 
urea plus sulfathiazole was identical with that 
observed in the control tubes; here again the 
effect was purely additive. 

Discussion. The observation of Tsuchiya 
and co-workers that concentrations of urea 
which are not bacteriostatic have an anti- 
sulfonamide inhibitor action has not been con- 
firmed. The present experiments indicate that 
high concentrations of urea are in themselves 
bacteriostatic, but that concentrations of urea 
which are not bacteriostatic do not counteract 


See text for explanation. 


sulfonamide inhibitors, nor do they potentiate 
the bacteriostatic action of the sulfonamides 
against resistant organisms. The conclusions 
of Tsuchiya’s group were based upon plate 
counts made only at the end of 24 hours, and 
inspection of Figs. 2 and 3 will show why 
readings made at this time are not valid. Due 
to the limiting effect of the medium itself the 
partially inhibited organisms gradually catch 
up with the controls following the phase of 
logarithmic growth, so that at the end of 24 
hours the bacteriostatic action of urea alone is 
no longer apparent, while the combined inhibi- 
tion of urea plus sulfathiazole is great enough 
to prevent maximal growth in this tube. There 
is no actual potentiation of sulfonamide action; 


Hippuric Acip In MILK 


Optical Density (Turbidity) 
Reo eee eens 
(eo) 


Control and Resistant 


1 


Control and Resistant 
Coli + Urea 


Coli Alone = 


—— 


ae 
L Resistont Coli +.ST, + Urea 


@--@ ----e----------------+---- 2 


Is Control + ST 


209 222 


2S See NS 1G 7 ig 19 


23.424 


Fig. 3. 
Effect upon a non-resistant and a sulfonamide-resistant strain of E. coli of adding urea 


1% in the presence of sulfathiazole (ST) 10 mg%. 


the effect of urea, a bacteriostatic agent itself 
in high concentrations, is purely additive. 

It is not to be inferred that urea-sulfon- 
amide mixtures are of no value. On the con- 
trary, the fact that urea is in itself a bacterio- 
Static agent, in addition to its solvent, peptiz- 
ing, lytic, and deodorant actions, would seem 
to make the combination highly ‘desirable for 
topical application. 

Summary. Contrary to previous reports 


See text for explanation. 


the present experiments indicate that concen- 
trations of urea which are not bacteriostatic 
do not counteract sulfonamide inhibitors, nor 
do they potentiate the bacteriostatic action of 
the sulfonamides against resistant organisms. 
High concentrations of urea have a bacterio- 
static action of their own which may be of 
value when they are used in combination with 
the sulfonamides. 
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Presence of Hippuric Acid in Milk. 


JosepH V. KarABINOS AND KARL DITTMER. 


(Introduced by V. du Vigneaud.) 


From the Department of Biochemistry, Cornell Unversity Medical College, New York City. 


The non-protein nitrogen, or residual nitro- 
gen of cow’s milk is known to consist in part 
of urea, uric acid, creatinine, amino acids, 
and purine bases. The remainder is composed 
to a large extent of compounds of unknown 
structure. We wish to report that one of 
these heretofore unidentified substances of 
the residual nitrogen fraction of cow’s milk 
is hippuric acid. 

In connection with the isolation of crystal- 
line biotin from milk in this laboratory,’ we 
had occasion to fractionate a biotin concen- 


1 Melville, D. B., Hofmann, K., Hague, E., and 
du Vigneaud, V., J. Biol. Chem., 1942, 142, 615. 


trate from milk, generously supplied by the 
S.M.A. Corporation of Chagrin Falls, Ohio. 
This material had been prepared by charcoal 
adsorption from a commercial milk residue 
which remained after the removal of protein 
and sugar from milk. One gram of the biotin 
concentrate represented approximately 15 kg 
of milk, 

The first steps in the fractionation of this 
concentrate for the isolation of biotin included 
esterification of the concentrate with alcoholic 
HCl and then extraction with ethyl acetate of 
a slightly alkaline solution of the esterified 
material. The ethyl acetate extracts were 
concentrated to remove solvent and the residue 


112 PoLIOMYELITIS VIRUS IN CENTRAL NERVOUS SYSTEM 
TABLE I. 
Neutral % M.P. M.P. p-bromo- 
M.P. equivalent, nitrogen methylester phenacyl ester 
Acid isolated from milk 188° 185 Toll 84° 151-2° 
Hippurie acid 188° 179 7.8 85° 152° 


was dissolved in chloroform and chromato- 
graphed on a column of Decalso.? 

It was found that the-chloroform which 
passed through the columns contained appre- 
ciable amounts of a substance which separated 
in crystalline form when the solutions were 
concentrated. Recrystallization of this mate- 
rial from an alcohol-ether mixture yielded 
colorless needles of a nitrogen-containing com- 
pound, m.p. 84°, which by alkaline hydrolysis 
yielded an acid, m.p. 188°. This acid con- 
tained 7.7% N and possessed a neutral equiva- 
lent of 185. Additional amounts of the free 
acid were obtained by acidification of the 
ethyl acetate-extracted esterification residues. 
These data indicated that the substance iso- 
lated from the esterified milk concentrate was 
the methyl ester of hippuric acid. A mixture 
of the isolated free acid with hippuric acid 
showed no depression of the melting point. 
Further confirmation of the identity of the 


isolated compound was obtained by prepara- 
tion of the p-bromophenacyl ester from the 
sodium salt of the acid. The melting point 
of this derivative agreed with that of p-bromo- 
phenacyl hippurate. The data are summarized 
in Table I. 

Quantitatively, only a minimum value for 
the amount of hippuric acid in milk can be 
derived from this work, inasmuch as there 


_was no way of knowing how much hippuric 


acid had been lost during the various pro- 
cedures used for the preparation of the biotin 
concentrate from milk, and no attempt was 
made to obtain a quantitative separation of 
the hippuric acid present in the biotin con- 
centrate. From 75 g of concentrate, repre- 
senting approximately 1160 kg of milk, there 
were obtained 11 g of hippuric acid; this 
would indicate an original minimum concen- 
tration of 10 y hippuric acid per gram of milk. 
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Distribution of Poliomyelitis Virus in Central Nervous System of Mice 
Paralyzed After Intracerebral Inoculation.* 


ENRIQUE HERRARTE! AND Haro_p E, PEARSON. 


(Introduced by Thomas Francis, Jr.) 


From the Department of Epidemiology and the Virus Laboratory, School of Public Health, 
University of Michigan. 


Tests using mice inoculated with the Lansing 
strain of poliomyelitis virus have been handi- 
capped by irregularities both in morbidity 
and in the length of incubation periods. Some 
of the factors related to these difficulties such 
as the strain of mice’ and the pH of the 


* Sponsored by the National Foundation for 
Infantile Paralysis, Ine. 

t Fellow of the Pan-American Sanitary Bureau. 

1 Smith, M. G., Proc. Soc. Exp. Bion. anD MEp., 
1943, 52, 86. 


inoculum? have been reported. Also it has 
been noted that serial passage of cord and 
brain stem material from the first mice of an 
inoculated group to become paralyzed resulted 
in shorter incubation periods while passage 
from the last mice to become paralyzed re- 
sulted in longer incubation periods. The age 
of mice was not found to be an important 


2 Hammon, W. M., and Izumi, EH. M., Proo. Soc. 
Exp. Bou. AND MEp., 1941, 48, 579. 
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TABLE I. 
Incubation Periods in Mice After Intracerebral Inoculation with Cord Suspensions in Saline 
of Different pH. 


Inoculated suspension 


Inoculated suspension 


Intervals between pH7 pH 3.7 
inoculation and — —~ ——_— 
onset of paralysis No. of mice % of total No. and % of total 
1-5 days 90 46 51 
6-10 59 30 33 
11-15 ales 9 12 
16-20 4 2 3 
21-30 3 2 0 
Survived >30 22 11 y 
Total 195 100 


factor in susceptibility.2 Some workers* have 
obtained consistent results by using large 
pools of spinal cords from young mice! which 
developed paralysis during the first few days 
after inoculation. These observations sug- 
gested that the potency of virus present in 
the central nervous system varied inversely 
with the length of incubation period. The 
present study was made in order to determine 
the amount of virus contained in the brain 
and spinal cord of mice which had developed 
paralysis at different intervals after intra- 
cerebral inoculation of the virus. 

_ Carworth Swiss mice 3 to 5 weeks old were 
injected with mouse-passage virus of the 
Lansing strain of poliomyelitis. Each received 
intracerebrally 0.03 ml of a 10% suspension 
of infected mouse spinal cords in saline of 


pH 7. The numbers of mice found paralyzed 
or dead after inoculation during a period of 
observation of one month are shown in Table I. 
The results obtained with a smaller group of 
mice similarly treated, except that the inocu- 
lum was in buffered saline of pH 3.7 instead 
of pH 7, also are listed. It is seen that 75% 
of the mice which received the inoculum in 
saline of pH 7 developed paralysis within 10 
days while 10% survived for at least one 
month. The respective figures for the group 
which was given the inoculum in saline of 
pH 3.7 were 85% and 1%. This effect of 
pH of the inoculum is in accord with, results 
of work previously cited.? 

The mice which were inoculated with the 
suspension of pH 7 and which developed 
paralysis after injection, were sacrificed by 


TABLE II. 
Virus Titer of Pooled Brains or Cords of Mice Developing Paralysis and Killed at Various 
Intervals After Intracerebral Inoculation. 


No. of mice paralyzed after inoculation of 6 


mice with each dilution.* 


Intervals between Dilutions 

inoculation and Pooled material = 
onset of paralysis tested 10-1 10-2 10-3 10-4 10-5 

1-5 days Brains 6 4 3 0 0 

Cords 5 6 5 2 0 

6-10 Brains at 0 0 0 0 

Cords 6 5 4 2t 0 

11-20 Brains 0 0 0 0 0 

Cords 6 5 4 2 0 

21-30 Brains 2t 0 0 0 0 

Cords 6 5 4 2 0 


* Observed for 60 days. 
t Found dead. 


8 Young, L. E., and Merrell, M., Am. J. Hyg., 
1943, 37, 80. 


4 Kramer, S, D., Personal communication, 
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etherization. First the brain, then the spinal 
cord, the latter including the medulla, were 
removed separately and stored whole in d-y 
ice until used. Incidental results of titrations 
of infected mouse spinal cords after various 
conditions of storage indicated that virus 
might remain at its original titer for at least 
3 weeks when kept as a 10% suspension in 
saline at 4° or —70°C. 

Material from the mice killed during each 
successive interval of 5 or 10 days was pooled. 
These pools of brains and spinal cords, 
respectively, were tested at one time by intra- 
cerebral injection of groups of 6 mice with 
serial dilutions in saline of pH 7. The results 
are shown in Table II. It is evident that 
mice which became paralyzed during the first 
5 days after inoculation had essentially the 


DELAYED LETHAL EFFECT 0F X-RAYS ON FIBROBLASTS 


same amount of virus in the brain as in the 
spinal cord-medulla. After 5 days, however, 
little or no virus was recovered from the brain 
although the various pools of cord and medulla 
collected at different intervals up to 30 days 
contained essentially the same amount of virus 
at all times. 

Summary. Mice-which developed paralysis 
within 5 days after an intracerebral inocula- 
tion of Lansing strain of poliomyelitis virus 
had approximately as much virus in the brain 
as in the spinal cord-medulla. After 5 days 
little or no virus was recovered from the brain 
although pools of cord-medulla of mice which 
became paralyzed up to 4 weeks after injection 
were found to contain as much virus as did 
the pool of the first 5 days. 
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Delayed Lethal Effect of X-rays on Fibroblasts Cultivated in vitro. 


L. DoOLJANSKI AND G. GOLDHABER. 


(Introduced by L. Halberstaedter.) 


From the Department of Experimental Pathology and Department of Radiology, The Hebrew 
University (Cancer Laboratories), Jerusalem. 


Studies on the effect of X-rays upon cells 
growing in vitro have shown that with suffi- 
ciently high X-ray doses the outgrowth of the 
irradiated cell culture can be checked imme- 
diately and completely. For colonies of 
chicken fibroblasts, 250,000 r units are the 
minimum dose which produces this effect 
(“the immediate lethal dose”) .4 


It is also possible to produce a lethal effect 
on cells in vitro by exposure to considerably 
smaller X-ray quantities. X-ray doses, which 
are themselves too low to cause immediate 
cessation of growth of the irradiated culture, 
are capable of exerting a lethal action after a 
latent period (Fischer and Baastrup,? San- 
tesson,? Spear,* Cox®). Cultures treated with 


1 Doljanski, L., and Goldhaber, G., Growth, 1942, 
6, 235. 

2Fischer, A.,  Gewebeziichtung, 
Miiller & Steinicke, 1930. 

3Santesson, L., Upsala Lakareforenings Foér- 
handlingar, 1928, 84, 591. 


Miinchen, 


such X-ray doses continue to grow for some 
time; but after a certain number of passages, 
cell growth ceases. 

The mechanisms of action of the imme- 
Giate and the delayed lethal doses, respectively, 
are, in all probability, fundamentally different. 
The immediate lethal doses stop the out- 
growth in the irradiated culture by altering 
the motility of the cells. The delayed lethal 
doses act, on the other hand, by affecting a 
more susceptible cell function, namely, cell 
division, Cultures treated with these doses 
die in the course of subsequent transfers be- 
cause the cells become incapable of multipli- 
cation. 

In a previous communication® we reported 
on the delayed effect on cell cultures of X-ray 


4Spear, F. G., Proc. Roy. Soc., B (London), 
1930, 106, 44. 

5 Cox, S. F., Brit. J. Radiol., 1931, 4, 111. 
1942, 6. 

6 Goldhaberz, 
1942, 6. 


G., and Doljanski, L., Growth, 
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doses of 2,500, 5,000, 12,500, 25,000, and 
50,000 r units. It was shown that treatment 
with 2,500 r units causes a depression in the 
growth rate of the irradiated culture. This 
depression is transient and is gradually over- 
come in the course of subsequent passages. 
The effect of treatment of cell cultures with 
doses of from 5,000 r units to 50,000 r units 
is entirely different. Doses of this maguitude 
inhibit cell proliferation irreversibly. Cul- 
tures treated with these doses, although they 
develop well after irradiation and differ little 
from cultures irradiated with 2,500 r units in 
both size and appearance, are destined to die. 
They can be cultivated for some time, but 
succumb after a number of passages. Cultures 
irradiated with doses between 5,000 to 25,000 
r units have an average survival of 5.5 pas- 
sages; cultures irradiated with 50,000 r units 
survive 3.1 passages. 

In view of the particular biological and 
clinical significance of irradiations causing a 
delayed lethal effect on cells, an attempt was 
made to determine, exactly, the minimal 
X-ray dose exerting this effect. 

Material and Methods. (a) Culttre technic. 
Our experiments were carried out on stand- 
-ardized cultures of chicken fibroblasts derived 
from heart of 7-day-old embryos. The cell 
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colonies were cultivated in hanging drops 
according to the usual procedure, using a 
mixture of fowl plasma and embryo extract 
as the medium. Growth curves of the cultures 
were constructed by the planimetric measure- 
ments of outline drawings of the surface area 
made every 24 hours. 

(b) Radiological technic. Irradiations were 
carried out using a demountable X-ray tube 
which worked at a tension of 35 KV on cur- 
rents of 2 MA. The tube had a copper- 
anticathode and a window of aluminum foil, 
30 win thickness. Absorption analysis showed 
that the rays penetrating through the window 
foil and the 0.03 mm thick mica-coverglass 
of the cultures were mainly copper K-rays. 
The X-ray intensity at the distance of the 
irradiated subject was about 8,500 r/min for 
a tube current of 2 MA. 

(c) Experimental procedure. Fibroblast 
cultures were irradiated, immediately after 
transfer, with the following X-ray doses: 
3,000, 4,000, and 5,000 r units. The irra- 
diated cell colonies were cultivated throughout 
successive passages. Sub-cultures were made 
at intervals of 3 days, and this routine was 
continued as long as the cultures survived, or 
until full recovery had been attained. 

Results. The results of the experiments 


TABLE I. 
0 SESS SS 


Irradiation with 
3,000 r units 


Irradiation with 
4,000 r units 


Irradiation with 
5,000 r units 


Tit 

Exp. No. _ Results Exp. No. Results Exp. No. Results 
23199 23198 —(6) 19893 —(7) 
23201 —(4) 23200 —(4) 19894 —(6) 
23782 23202 —(4) 20141 —(7) 
23788 —(2) 23203 20142 eee (7) 
23789 + 23785 —(5) 20143 —(7) 
23790 + 23786 —(5) 20300 —(5) 
23998 + 23787 —(5) 20662 —(3) 
23999 + 23793 —(7) 20808 —(3) 
24000 + 24003 + 20809 —(4) 
24001 + 24004 + 20810 —(5) 
24002 + 24005 + 20811 —(4) 
24006 —(5) 20812 —(5) 

24480 + 24481 —(5) 

24482 + 24483, - —(5) 

24486 —(5) 24485 —(5) 

24488 —(5) 24487 —(6) 

24490 —(6) 24489 —(8) 

24491 —(6) 


-+ Prolonged cultivation possible. 
— Prolonged cultivation impossible. 


Bracketed figures represent the number of passages through which cultivation of the 


irradiated cell culture could be carried. 
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(Table I) may be summarized as follows: 
Irradiation with 3,000 r units does not produce 
permanent damage of the cell culture; with 
few exceptions, cultures exposed to this dose 
survive and after several passages show a quite 
normal rate of growth. Irradiation with 4;000 
r units produces variable results; out of 17 
cultures treated with 4,000 r units, 11 cultures 
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succumbed in the course of the succeeding 
transfers, while 6 cultures survived. Irradia- 
tion with 5,000 r units renders prolonged 
cultivation of the cell colonies impossible. 
A dose of 5,000 r units is, therefore, to be 
regarded as the minimal “delayed lethal dose” 
for chicken fibroblasts. 
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Effect of Biotin Deficiency on Duration of Infection with Trypanosoma 
lewisi in the Rat.* 


FREDERIC E. CALDWELL AND PAUL GyOrGY. 


From the Babies and Childrens Hospital, and the Department of Pediatrics, School of Medicine, 
Western Reserve University, Cleveland. ; 


Before August, 1942, when this study was 
undertaken, there had been few reports on 
the effect of a vitamin deficiency on the course 
of a parasitic protozoan infection. Since much 
work on biotin deficiency had already been 
done in this laboratory this vitamin was 
thought suitable for the purpose. It was 
planned, therefore, to determine the effect of 
biotin deficiency on the course of infection 
with a blood protozoan. 

Trypanosoma lewisi was chosen because it 
was considered advisable to use an organism 
whose course of infection had already been 
well studied. 

The rats used in these experiments were 
white albinos bred for the most part in this 
laboratory. The experimental rats were kept 
on a modified egg white diet consisting of: 


4 
Cornstarch 185 
Salt mixture 50 
Peanut oil 150 
Cod liver oil 30 
Water 25 
Egg albument 300 
Sugar 185 


* Under a grant from the Rockefeller Founda. 
tion. 

1 Taliaferro, W. H., ‘‘The Immunology of Para- 
sitic Protozoa’’ in Protozoa in Biological Research, 
edited by G. N. Calkins and F. M. Summers, Colum- 
bia University Press, 1941. 

+ Purchased from the Weideman OCo., Cleveland, 
Ohio. 


They were also given the following vitamin 
supplement daily: thiamine, 20 y; pyridoxine, 
20 y; riboflavin, 25 y; calcium pantothenate, 
100 y. In addition the experimental rats 
were given 50 mg of choline chloride thrice 
weekly. The food intake was high in all 
cases until the terminal phases of the biotin 
deficiency. The control rats were kept on a 
modified Sherman diet,” with liver or beef 
twice a week and cabbage once a week in 
addition. 

All rats in a specific group were inoculated 
intraperitoneally with the same number of 


Trypanosoma lewisi.+ However, the numbers 


of parasites in these inocula were only roughly 
approximate from experiment to experiment. 
Examination of the blood, tail blood or if 
necessary, heart blood, was carried out every 
other day until the end of the infection. After 
the first disappearance of the parasites from 
the blood the rats were followed for 6 days and 
then observations were discontinued. It should 
be noted that these rats were not Bartonella 
free, but since this was true of both the 
experimentals and the controls it was felt that 
the differences in the 2 groups can be safely 
ascribed to the differences in their diet. 


2Smith, A. H., and Bing, F. C., J. Nutrition, 
1928, 1. 

} Our strain of Trypanosoma lewisit was supplied 
us through the courtesy of Dr. W. H. Taliaferro of 
the University of Chicago. 
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Experimental Studies. Group I consisted 
of animals in an advanced stage of biotin 
deficiency used in the preliminary experiments. 
These animals either had survived to the end 
of their infection or to 30 days after inocula- 
tion. The controls were inoculated over the 
same period of time and had been intended 
for controls in the groups which were subse- 
quently amalgamated. Due to circumstances 
beyond our control at this time the normal 
rats were not selected as to age and weight 
to be the equivalents of the experimental rats. 
The 10 experimental rats had a mean length 
of infection of 34.9 -- 2.97 days based on the 
following individual lengths of infection: 14, 
30, 30, 33, 35, 37, 38, 40, 43, 49 days. The 
13 control rats had infections of 7, 8, 9, 9, 
10, 13, 13, 21, 24, 24, 26, 28, 28 days respec- 
tively which gave a mean length of infection 
of 16.9 +'2.3 days. The value of ¢ for this 
group was 4.874 > 2,831 for 21°’s of free- 
dom, P = .01$ 

The rats with the biotin deficiency thus 
showed a significantly longer course of infec- 
tion than the normal rats. However, due to 
the inadequacy of the controls a similar series 
was repeated. 

In Experiment II 9 rats with moderate to 
advanced symptoms of biotin deficiency were 
used.|! Four of these died before the 20th day 
and are not used in the data.1 Five rats of 
the same age which had been kept on the 
Sherman diet were used as controls. 

The 5 biotin deficient rats had infections 
of 35, 39, 39, 39, 41 days in length which 
resulted in a mean length of 38.6 + 1 day. 
The 5 control rats had a mean length of 
infection of 21.8 + 1.5 days based on indi- 
vidual infections of 19, 20, 20, 25, 25 days in 
duration. The value for ¢ in this experiment 
was 9.38 > 3.355 for 8°’s of freedom, P = .01. 


§ The authors are indebted for aid in statistical 
analysis to Dr. Norman C. Wetzel, Babies and 
Childrens Hospital, and the Department of Pedi- 
atries, School of Medicine, Western Reserve Uni- 
versity. 

|| One had slight symptoms of biotin deficiency 
and subsequently improved. 

{| Six other rats with farther advanced symptoms 
were inoculated at the same time but all of them 
died before the 20th day. 
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These results in which the controls are ade- 
quate definitely confirm those of Group I. 
Rats exhibiting moderate to severe symptoms 
of biotin deficiency have a significantly longer 
course of infection than the normal rats. 

Experiment III was carried out in order 
to determine whether the same delay in 
termination of the infection would be seen in 
rats showing only slight symptoms of biotin 
deficiency. Two groups of rats were used in 
the experiment. The first group was com- 
posed of 5 rats** from the same lot as those 
used in Experiment II and the controls were 
normal rats of the same group. The second 
group was composed of 7 slightly larger ratstt 
which showed about the same symptoms of 
biotin deficiency and its controls were of 
approximately the same age. The same 
amount of inoculum was given intraperi- 
toneally to both groups and their controls. 

The lengths of infections in the 8 surviving 
experimental rats were 31, 34, 36, 36, 37, 37, 
37, 41 days respectively which resulted in a 
mean length of infection of 36.12 +1. The 
4 controls had a mean length of infection of 
22.5 + .5 days based on infections of 22, 22, 
22, 24 days in duration. The value of ¢ for 
Experiment III was 9.06 > 3.169 for 10°’s of 
freedom, P = .01. Therefore, the rats show- 
ing slight degrees of biotin deficiency had as 
great a delay in terminating their infections, 
compared to the normal rats, as did the rats 
showing moderately severe symptoms. 

Experiment IV was devised to see whether 
rats having latent biotin deficiency would also 
have a prolonged infection. A litter of 9 
rats was divided into 2 groups. The first 
group of 6 rats was fed the egg-white diet. 
The remaining 3 were put on the Sherman 
diet. They were infected as soon as the 
majority of the experimental rats were be- 
ginning to show initial symptoms of biotin 
deficiency. 

In this experiment the 6 experimental rats 
had infections of 25, 27, 27, 31, 37, 45 days 
in length which resulted in a mean length of 
infection of 32 + 3.1 days. The 3 control 
rats had a mean length of infection of 17.3 + 
2.6 days based on individual infections of 


** Three died. 
tt One died. 
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12, 20, 20 days respectively. The value for 
t in this case was 3.0002 < 3.499 for P = .O1. 
However, ¢ was 3.000 > 2.998 for the value 
of P = .02. Thus the difference between the 
controls and the experimental rats was not as 
significant and clear cut as in the preceding 
experiments. The value for P = .02, on the 
other hand, indicates there was a slightly 
significant prolongation of infection. This 
experimental group, as might have been ex- 
pected, can, therefore, be said to occupy an 
intermediate position between normal rats 
and those showing definite symptoms of biotin 
deficiency. 

A greater dispersion as to length of infec- 
tion occurred in this group. The heaviest rat 
in the group, with a weight of 120 g at the 
beginning of the infection, became negative 
first, in 25 days; the lightest rat, with a weight 
of 92 g at the beginning of the infection, 
became negative last, in 45 days. A further 
point of interest was that the experimental 
‘ rats showed no increase in their slight symp- 
toms of biotin deficiency while they were 
infected with 7. Jewisi. Even more interesting 
is the fact that the experimental rats began to 
show signs of the deficiency in almost the 
exact order in which they became negative. 

Experiment V was done to determine 
whether the prolongation of infection in the 
biotin-deficient rats was due specifically to 
biotin or to the lack of some other element in 
the diet. Litter-mates from 2 litters born on 
the same day were used in the next experiment. 
Five rats from one litter and 3 rats from the 
other were placed on the deficient diet,++ while 
3 rats from the first litter and 2 rats from the 
second were given the Sherman diet.§§ When 
slight to moderate symptoms of biotin defi- 
ciency appeared in all the experimental rats 
they were infected with Trypanosoma lewisi. 
Each deficient rat was given .5 y of biotin 
subcutaneously daily, beginning at the time 
of inoculation and continuing until the infec- 
tion was terminated. The 4 surviving defi- 
cient rats which had been treated with biotin 
had infections of 14, 26, 28, and 29 days in 
length respectively which resulted in a mean 
length of infection of 24.25 + 3.46 days. 


tt Four of which died. 
§§ One of which died. 
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Their 4 controls had a mean length of 
infection of 21 + 2.6 days resulting from 
individual infections of 17, 17, 22, 28 days 
respectively. There was no significant differ- 
ence between the biotin-deficient rats and 
their controls. 


Since there was~no significant difference 
between the 23 biotin-deficient rats of Experi- 
ments I to III, for purpose of comparison they 
were amalgamated and their mean length of 
infection, 36.13 + 1.35 days, determined. 
The data from all the 29 normal rats in all 
5 experiments was similarly treated and their 
mean length of infection 19.8 + 1.2 deter- 
mined. Since the 6 latent deficient rats occu- 
pied an intermediate position they were not 
included in computation of the mean of the 
biotin-deficient rats. 


Comparing the 4 deficient rats which had 
been treated with biotin during their course 
of infection with the 29 normals from all 5 
experiments, it was seen that there was no 
significant difference between the mean lengths 
of the infections 24.25 + 3.46 and 19.8 + 1.2. 
The value for ¢ in this case is 1.25 < 2.57 for 
P = .01 for 31°’s of freedom. A similar 
comparison with the latent biotin-deficient 
rats with a mean length of infection of 32 = 
3.1 days showed no significant difference be- 
tween them and the deficient rats treated 
with biotin which had a mean length of 
24.25 + 3.46 days; ¢ is 1.62 < 3.35 for 8°’s 
of freedom, P = .01 in this case. However, 
the slight difference that occurs is toward the 
normal side. While a comparison of the 23 
biotin-deficient rats, with a mean length of 
infection of 36.13 + 1.35 days, with the 
4 biotin-deficient rats which had been treated 
with biotin, having a mean length of infection 
of 24.25 + 3.46 days, showed a definite and 
significant difference. ¢ in this case had a 
value of 5.46 > 2.785 for 25°’s of freedom, 
| HO 

Discussion. From the above data it seems 
conclusive that biotin deficiency results in 
great prolongation of infection with T. lewisi 
in the rat. This effect does not seem de- 
pendent on the severity of the symptoms as 
long as the symptoms are definite. Latent 
biotin deficiency also results in prolongation — 
but of Jess significant degree. Treatment of 
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the deficient rats with biotin results in short- 
ening of the lengths of their infections to a 
point where they are not significantly different 
from the normals. 

With regard to the lack of appearance of 
further symptoms noted in the latent biotin- 
deficient rats of Experiment IV, it should be 
noted that a number of the moderately biotin- 
deficient rats able to withstand the added 
strain of infection with T. /ewisi, had already 
given the impression of improvement of their 
deficiency symptoms at or shortly after the 
height of infection. These phenomena led 
to the hypothesis that the parasites might be 
capable of producing sufficient biotin to pre- 
vent much aggravation of the deficiency symp- 
toms of their host. Experiments are now in 
progress to definitely determine whether 
there is such an effect. 

The effect of biotin deficiency in prolonging 
the infection with Trypanosoma lewisi in the 
rat makes Trager’s recent paper® indicating 


3 Trager, W., Science, 1943, 97, 206. 
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a similar lengthening of infection in avian 
malaria by means of the same deficiency more 
interesting. This is especially so because the 
same effect was noted in the Sporozoa as is 
here noted in Mastigophora. 


Studies of the stained material are now 
being worked out in detail to determine the 
effects of biotin deficiency on the parasite 
numbers and on the antibody sequence. Fur- 
ther work is also being done to determine the 
effect of excess biotin on the infection in the 
normal rat. It should be noted that since 
this work was done exclusively with biotin 
deficiency no claims are made at present that 
such an effect is specific to biotin. 


Summary. Biotin deficiency has been found 
to prolong the infection with T. lewisi in the 
rat. This effect can be negated by the admin- 
istration of biotin to the deficient rat during 
the course of infection. Biotin appears to be 
instrumental directly or indirectly in the 
activation of the immune bodies in this 
infection. 
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Production of Rh Antiserum by Inoculation of Guinea Pigs with Human 
Erythrocytes. 


FrEeD W. GALLAGHER AND Lioyp R. JONEs. 
From the Department of Bacteriology, School of Medicine, St. Louis University, St. Lowis, Mo. 


Antisera used for detecting the presence ot 
the Rh antigen in human erythrocytes have 
been of two types: the serum of guinea pigs 
immunized against the red blood cells of 
Rhesus monkeys," and the serum of certain 
Rh— human beings who have developed anti- 
bodies against the Rh antigen.** These latter 
sera are not readily procurable since human 
beings possessing the Rh antibody are infre- 


1Landsteiner, K., and Wiener, A. 8., J. Eap. 
Med., 1941, 74, 309. 

2 Gallagher, Fred W., and Jones, Lloyd R., J. 
Immunology, 1943, 46, 9. 

3 Levine, P., Katzin, E. M., and Burnham, L., 
Proc. Soc. Exp. Bion. AND Mep., 1940, 45, 346. 

4 Wiener, A. S., and Forer, S., Proc. Soc. Exp. 
Biou. AND MeEp., 1941, 47, 215. 


quently encountered and accordingly the inci- 
dence of their employment is greatly restricted. 


_ Guinea pig anti-rhesus sera also have limita- 


tions to their usefulness. Certain differences 
have been noted in the Rh antigen as found 
in monkey and human erythrocytes,>* and 
the implications of these differences as yet 
have not been clarified. Further, the produc- 
tion of such sera in certain laboratories may 
be hampered by the present war-time scarcity 
of Rhesus monkeys. For these practical rea- 
sons, as well as for certain theoretical con- 


5 Davidsohn, I., and Toharsky, B., Am. J. Clin. 
Path., 1942, 12, 434. 


6 Fisk, Roy T., and Foord, Alvin G., Am. J. Clin. 


Path., 1942, 12, 545. 
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siderations, we have undertaken the produc- 
tion of Rh antisera by inoculating experimental 
animals with Rh+ human erythrocytes. 
Guinea pigs were inoculated with varying 
doses of red blood cells over a period of 3 
months. The cells used were from an Rh-, 
group O, type MN individual. The presence 
of the Rh antigen in these cells was assured 
by the fact that they agglutinated in several 
absorbed guinea pig anti-rhesus sera and in 6 
human anti-Rh sera. Immune serum obtained 


GLycoL EFFECT ON BACTERIAL SPORES 


in this manner when absorbed, according to 
our previously reported technic? with group O, 
type MN, Rh— cells, distinguished sharply 
between known Rh-++ and Rh— human ery- 
throcytes of all blood groups. 

In view of these findings it would appear 
that the possibilities for producing Rh anti- 
sera, useful in testing the red blood cells of 
human beings belonging to any blood group, 
have been greatly extended. 
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Effect of Propylene Glycol on Bacterial Spores. 


EpWaArp Bice. 


(Introduced by H. L. Alt.) 


From the Department of Experimental Medicine, Northwestern University Medical School, 
Chicago. 


Recent publications'? have demonstrated 
the bactericidal and viricidal activity of pro- 
pylene glycol. Using air-suspended bacteria 
as well as broth cultures im vitro, the following 
organisms have been found susceptible to this 
substance: Hemolytic and non-hemolytic 
staphylococci, B. coli, hemolytic streptococci, 
Streptococcus viridans, pneumococci (Types I, 
II, and rough), Hemophilus influenze, B. 
pertussis and PR8 strain of influenza virus. - 

Bactericidal action is demonstrable in dilu- 
tions as high as one part of propylene glycol 
in 50 million parts of air when air-suspended 
organisms are tested, while im vitro experi- 
ments demonstrate that organisms grow in 
broth containing as much as 15% glycol but 
are killed when the concentration of glycol 
in the media reaches 85%. 

In view of the widespread interest in the 
use of glycol vapor as a means of controlling 
cross infections, this study was carried out in 
an attempt to throw further light on its 
possible mode of bacterial killing. Using 
B. subtilis as the test organism, observations 


1 Robertson, O. H., Bigg, E., Puck, T. T., and 
Miller, B. F., J. Exp. Med., 1942, 75, 593. 

2 Robertson, O. H., Loosli, C. G., Puck, T. T., 
Bigg, E., and Miller, B. F., Science, 1941, 94, 612. 


were made to determine the effect of propylene 
glycol on bacterial spores. 


I. Effect of Propylene Glycol Vapor on Atr- 
Suspended Bacteria. These tests were done 
in small glass chambers of 2 cubic feet 
capacity; the air was agitated by means of 
small fans and standardized broth cultures 
were atomized into the space. Measured 
dilutions of propylene glycol vapor were intro- 
duced. Samples of 2 liters of air were taken 
for culture and analysis. 


A. Vegetative Forms. Eighteen-hour cul- 
tures of B. subtilis were sprayed into the 
chambers and results similar to those reported 
occurred; i.e., there was immediate killing in 
dilutions as high as 1 g of glycol in 25 million 
ce oleair. 

B. Spores. A 72-hour culture of B. subtilis 
showing many sporulated forms was heated for 
20 minutes at 80°C. After this period of 
heating a loop of the culture was inoculated in 
broth. Abundant growth occurred, showing 
that the spores were viable. An 18-hour cul- 
ture showing no spore forms was killed by 
this amount of heat. When the suspension 
of spores was atomized into ‘‘glycolized air” 
no bactericidal effect was observed even when 
the introduction was made into a saturated 
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atmosphere (1 g of glycol in 200,000 cc of air). 

Il. Effect of Propylene Glycol in Vitro. 
A. Vegetative Forms. Inoculation of glycol 
into broth cultures resulting in glycol con- 
centrations ranging from one to 100% pro- 
duced the expected effects. Growth occurred 
in dilutions up to 20% and killing was ob- 
tained in solutions of 80% or more. 

B. Spores. No effect on the viability of 
spores resulted from the inoculation of glycol 
into these cultures even though spores were 
exposed to the glycol for as long as 72 hours. 

Discussion. Although no actual proof has 
been demonstrated as to how the glycols exert 
their bactericidal action, it would appear that 
it is brought about by the chief physical prop- 
erty of glycol, namely, hygroscopicity. Due 
to the moisture contained in each droplet of 
suspended bacteria and/or the film of moisture 
about each bacterial cell, molecules of glycol 
are attracted. This develops a high glycol 
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concentration in direct contact with the cell 
membrane. As shown in test-tube experiments 
these high concentrations produce bacterial 
death. The lethal effects may take place by 
actions which possibly include dehydration of 
the cell, interference with respiration, dena- 
turation of protein, inhibition of enzyme 
activity, and others. Since spores are par- 
ticularly resistant to drying, the possibility 
is suggested that removal from, or entrance 
into the cell body, of water, would be diffi- 
cult, whereas in vegetative forms this action 
could occur more readily, mediated by a high 
glycol concentration on the cell surface. 
Conclusion. Propylene glycol in its liquid 
or vapor state demonstrates no killing effect 
on spores of B. subtilis, This observation 
tends to support the hypothesis that the bac- 
tericidal action of the glycols is due to the 
hydroscopic properties of these substances. 
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Effect of Hormones on Contraction of Striated Muscle and on Choline 
Esterase Activity. 


CLARA TOoRDA. 


(Introduced by Harold G. Wolff.) 


From the Department of Medicine (Neurology), Cornell University Medical College, New 
York City. 


While sex hormones and some of the hor- 
mones secreted by the hypophysis do not 
contract striated muscle in low concentrations, 
they may modify the biochemical equilibrium 
of the muscle. The purpose of this study is 
to investigate whether or not the presence of 
the above substances modifies the contraction 
of the muscle produced by known chemical 
agents. 

Experimental. Effect of the Hormones on the 
Acetylcholine Sensitivity of Striated Muscle. 
The Rectus abdominis muscle of the frog was 
excised and suspended in a muscle chamber 
containing 20 cc of Ringer’s solution at pH 7 
and room temperature. The muscle was im- 
mersed alternately in a 0.1 mg per 100 cc 
acetylcholine solution for 30 seconds and in 
Ringer’s solution for 10 minutes until the 


height of contraction remained constant for 3 
cycles. This contraction served as control. 
The height of contraction was registered with 
an isotonic lever on a kymograph. The muscle 
was then immersed in a solution or suspen- 
sion of one of the hormones in Ringer’s solu- 
tion for 5 minutes before each immersion in 
acetylcholine. The hormones were used in 
increasing concentrations. Changes in the 
height of contraction of the muscle due to the 
presence of the hormones were measured and 
expressed as percent of control. Experiments 
were performed in each case using instead of 
hormones the solvents alone. The solvents 
alone (sesame oil, peanut oil, and water with 
acacia) did not modify the effect of acetyl- 
choline on the muscle. Other solvents (alco- 
hol, ether, acetone, bile salts) were not used 
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TABLE I. 
Effect of Hormones on Muscle Contraction Due to Acetylcholine. 


Increase of height of contraction in % 
of control (mean values* ) 


No. of Cone. in I.U. per 100 ce 
Substance Solvent exp. Traces al 10 100 
Follutein (ant. pituitary-like sex hor- = 
mone, Squibb) water 20 — 33 40 52 
Estrone Suspension (follicular hor- 
mone, Abbott) water and acacia 12 10 20 27 
Theelin (follicular hormone, Parke- 
Davis) water 10 27 
Estradiol (follicular hormone, Ciba) a4 5 20 
Progestin (corpus luteum hormone, 
Roche-Organon) peanut oil 15 18 
Progesterol (corpus luteum hormone, 
Ciba) water 8 19 
Testosterone Propionate (Ciba) Je 12 22 
Testosterone Propionate (Schering) sesame oil 19 20 
Pitressin (vasopressor and anti-diure- 
tic hormone, Parke-Davis) water 18 17 15 
Pitocin (oxytocie hormone, Parke- 
Davis) ai 10 —l1 2 
Cone. in mg per 100 ee 
0.0001 0.001 0.01 0.05 01 05 1 
r See 
Physostigmine water 10 0 Stoked ds | iG) 37 19 Sage 


* The S.E. of the mean for each value was less than +10%. 


because they strongly potentiate the contrac- 
tion producing effect of acetylcholine.“ 

The height of contraction of muscle due to 
acetylcholine was slightly potentiated by most 
of the hormones used (Table I). The 
potency of these hormones may be evaluated 
by comparison with physostigmine. Low con- 
centrations are as potent as low concentrations 
of physostigmine. However, an accurate quan- 
titative comparison to physostigmine is impos- 
sible because the slight water solubility of some 
of the hormones prevents the evaluation of 
the amount dissolved and the use of more 
concentrated solutions. 

Follicular hormone, Progesterone, Follu- 
tein, Testosterone, and Pitressin potentiated 
the acetylcholine contraction of the Rectus 


1 Meng, Chin. J. Physiol., 1940, 15, 143. 

2Bernheim and Bernheim, J. Pharm. 
Therap., 1936, 57, 427. 

3 Ettinger, Brown and Megill, Ibid., 1941, 73, 
119. 

4 Torda, Ibid., 1943, 77, 50. 

5 Torda, Ibid., 1943, 77, 350. 

6 Torda, Ibid., in press. 

7TSobotka and Antropol, 
4, 189. 
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abdominis muscle from 15 to 40% more if 
mixed with brain extract or urine than did 
brain extract or urine alone. Pitocin did not 
modify the contraction producing power of 
brain extract or urine. Experiments using 
the same hormones in the same solvents, but 
inactivated by heat or oxydation, were also 
performed and the results demonstrated that 
the effect of the hormones on the muscle con- 
traction induced by acteylcholine was due to 
the hormones themselves.* 

The potentiation of the effect of acetyl- 
choline may be due to at least two processes: 
(1) increased sensitivity of the effector cells 
to stimuli, and (2) decreased inactivation of 
acetylcholine by tissue choline esterase. The 
first possibility was investigated by studying 
the effect of the above hormones on the 
response of the muscle to potassium, the 
second with choline esterase experiments. 

Effect of the Hormones on the Potassium 
Sensitivity of Striated Muscle. The Rectus 
abdominis muscle was treated as described 


*The results are not included because various 
aspects of the process of inactivation require 
further investigation and are not relevant to this 
study. 
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TABLE II. 
Effect of Hormones on Muscle Contraction Due to Potassium. 


Increase of height of contraction in % 
of control (mean values*) 


Cone. of substances in 100 ee 


No. of 001550055 eel 10 100 
Substance Solvent exp. Traces mg mg IU. LU. LU. 
Follutein water 20 29 45 99 
Estrone Suspension water and acacia 12 24 29 43 
Theelin water 10 40 
Estradiol Bis 5 38 
Progestin (Roche-Organon) peanut oil 12 26 
Progesterol (Ciba) water 8 52 
Testosterone Propionate (Ciba) 2 12 40 
Testosterone Propionate (Schering) sesame oil 20 36 
Doca (desoxycorticosterone,. Roche- 
Organon) ee 10 46 
Cholesterol water 20 47 60 
Pitressin a2 18 17 20 
Pitocin = es 10 2 1 
* The 8.E. of the mean for each value was less than +10%. 
above but was contracted by a 20 mM potas- of Bernheim and Bernheim.? Acetylcholine 


sium solution instead of acetylcholine. Most 
of the hormones used increased the potassium 
sensitivity of the Rectus abdominis muscle 
(Table II). Results paralleling the above 
were obtained using desoxycorticosterone or 
cholesterol, indicating that the potentiation of 
the potassium sensitivity may be a general 
property of the sterol compounds. 

The solvents alone (sesame oil, peanut oil, 
and water with acacia) did not modify the 
effect of potassium on the muscle. Other 
solvents (alcohol, ether, acetone, bile salts) 
were not used because they strongly poten- 
tiate the contraction producing power of potas- 
sium. Follicular hormone, Progesterone, Fol- 
lutein, Testosterone, and Pitressin potentiated 
the contraction of the Rectus abdominis 
muscle from 15 to 50% more if mixed with 
brain extract or urine than did brain extract 
or urine alone. Pitocin did not modify the 
contraction producing power of brain extract 
or urine. Experiments using the same hor- 
mones in the same solvents, but inactivated 
by heat or oxydation, were also performed and 
the results demonstrated that the effect of the 
hormones on the muscle contraction induced 
by acetylcholine was due to the hormones 
themselves.* : 

Experiments with Choline Esterase. (A) 
Biological Method. The choline esterase of 
steer brains was concentrated by the method 


was added to the suspension of choline 
esterase to form a final concentration of 0.1 
mg per 100 cc. The Rectus abdominis muscle 
was immersed for 30 seconds in this mixture 
immediately after the addition of acetylcholine 
and again 10 minutes later. The suspension 
of choline esterase was prepared in such con- 
centration that 50% of the acetylcholine added 
was destroyed during the 10 minutes of con- 
tact. The same procedure was followed with 
mixtures containing hormone, choline esterase 
and acetylcholine. 

(B) Experiments with Warburg’s Method. 
Brains of steer, rabbit and pig were frozen and 
finely ground. The tissue was pressed through 
muslin and suspended in bicarbonate Ringer’s 
solution at pH 7.4. Two cc of the suspension 
with or without hormone were placed in the 
body of the vessel and 0.2 cc of a 5 mg per 
100 cc acetylcholine solution was placed in the 
side cup. The choline esterase activity of the 
brain was then determined by the method of 
Warburg (Ammon*). The solvents alone 
(sesame oil, peanut oil, and water with acacia) 
did not modify the activity of choline esterase. 

The results of the biological test indicate 
that hormones potentiating the acetylcholine 
contraction of the striated muscle decrease the 
activity of choline esterase (Table III). These 


8 Ammon, Pfliiger’s Arch., 1933-34, 233, 486. 
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TABLE III. 


Effect of Hormones on the Choline Esterase Activity. 


(Biological Method.) 


Decrease of activity of choline 
esterase in % of control 


ira ¥ Pee 

Substance Cone. in 100 ce Mean (of 5exp.) S.E. of mean 
Follutein 100 LU. —26 +2.0 
Estrone Suspension 500m? oes +2.9 
Progestin Traces —20 +2.3 
Testosterone Propionate 42 —21 +1.9 
Pitressin 50 I.U. —12 +2.2 
Pitocin ONL 0 +1.0 

TABLE IV. 


Effect of Hormones on the Choline Esterase Activity. 


(Warburg’s Method) 


Decrease of activity of choline 
esterase in % of control 
ta a yk 


Substance Cone. used No. of exp. Mean S.E. of mean 
Follutein 5 LU. 25 —24 +1.8 
Estrone Suspension LOO} 2 10 —22 +2.1 
Progestin ewes 15 —18 £16 
Testosterone Propionate (Schering) 25 mg 10 =19 SED 
Pitressin 2a tei. 10 —13 +2.2 
Pitocin 5a ae 10 0 2.2 


observations were confirmed by the chemical 
test (Table IV). An evaluation of the anti- 
choline esterase potency of the above sub- 
stances may be attempted by comparison with 
the anti-choline esterase activity of physostig- 
mine considering that 2.5/10* mg% physostig- 
mine inhibits the choline esterase activity by 
50%.8 This evaluation is of necessity an 
approximate one because the very slight water 
solubility of most of the hormones used pre- 
vents an accurate evaluation of the amount 
dissolved or the amount entered in contact 
with the enzyme. 

Discussion. Some of the sex hormones and 
some of the hormones secreted by the hypo- 
physis potentiate the sensitivity of the effector 
cells to certain chemical stimuli and decrease 
the choline esterase activity of the tissue. The 
lowest concentrations required to exert these 
effects are comparable with biological con- 
centrations of the hormones. It is possible 
that the potentiation of the response of the 
Rectus abdominis muscle to chemical stimuli 
is due to impurities of the substances used or 
to physicochemical properties of the large 
molecules of the hormones distributed in the 
extracellular spaces, but experiments of 
Pompen® and Reynolds and Foster’®1+ show 
that at least the follicular hormone has a 


cholinergic effect ix vivo. The above results 
suggest that sex hormones, hypophyseal hor- 
mones and cholesterol may play a part in the 
maintenance or change of excitability of 
effector cells. 

Summary. 1. Both the acetylcholine and 
potassium sensitivity of striated muscle and 
the activity of choline esterase of brain tissue 
were investigated in the presence of sex hor- 
mones and some of the hormones secreted by 
the hypophysis. 2. The acetylcholine sensi- 
tivity of the muscle is somewhat potentiated by 
the anterior pituitary-like sex hormone (Follu- 
tein, Squibb), the follicular hormone (Estrone 
Suspension, Abbott; Estradiol, Ciba; Theelin, 
Parke-Davis), the corpus luteum hormone 
(Progestin, Roche-Organon; _Progesterol, 
Ciba), Testosterone Propionate (Ciba, 
Schering), the vasopressor and anti-diuretic 
hormone of the posterior part of hypophysis 
(Pitressin, Parke-Davis), but not by the oxy- 


9Pompen, De Invloed van Menformon op de 
Baarmoeder, Theses, Amsterdam (cited by Reyn- 
olds, Physiology of the Uterus, Harper & Brothers, 
New York and London, 1939). 

10 Reynolds and Foster, J. Pharm. Exp. Therap., 
1940, 68, 173. 

11 Reynolds and Foster, 4m. J. Physiol., 1939, 
128, 147. 
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tocic principle of the posterior part of hypo- 
physis (Pitocin, Parke-Davis). 3. The activ- 
ity of the choline esterase is somewhat de- 
creased by Follutein, Estrone Suspension, Pro- 
gestin, Testosterone Propionate, Pitressin, but 
not by Pitocin. 4. The potassium sensitivity 
of the muscle is potentiated by Follutein, 
Estrone Suspension, Estradiol, Theelin, Pro- 
gestin, Progesterol, Testosterone Propionate, 
Doca (desoxycorticosterone, Roche-Organon), 
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cholesterol, Pitressin, but not by Pitocin. 
5. A correlation between threshold of excita- 
bility of the effector cells and the presence of 
the above substances was suggested. 


The author wishes to express her gratitude to 
Abbott Laboratories, Ciba Pharmaceutical Prod- 
ucts, Inc., Parke-Davis and Oo., Roche-Organon, 
Inc., Schering Corporation, and E. R. Squibb and 
Sons for the generous supply of hormones, 
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A Simple Method for the Concentration of Blood Plasma and Serum. 


WILLIAM ANTOPOL, Sust GLAUBACH, LESTER M. GoLtpMAN, AND EUGENE KaAzTZzIN. 
From the Division of Laboratories, Newark Beth Israel Hospital, Newark, N.J. 


In the course of the preparation of plasma 
for human use it was observed that on the 
thawing of frozen plasma, separation into a 
number of layers takes place; the lowermost 
deep-yellow layer is rich in proteins, while the 
uppermost, nearly colorless layer, contains 
only a small amount of protein. On repeated 
freezing and thawing, the separation becomes 
more distinct. A more rapid and sharp sep- 
aration of plasma into layers is obtained by 
centrifuging the frozen material. 

It is interesting that Bujwidt used the 
freezing method for the concentration of diph- 
theria and tetanus anti-toxin in 1897. His 
results were confirmed by Ernst, Coolidge and 
Cook.” Rossi? used the freezing and centrifug- 
ing procedures for fractionating plasma and 
other colloidal solutions, and Hati* used this 


technic for the concentration of complement, 
opsonins and anti-sera. In view of the above 
observations, the question arose as to whether 
these procedures might be employed for the 
concentration of plasma without excessive loss 
of solids. 

The following is a representative fractiona- 
tion and analysis of plasma: 100 cc were 
placed in a separatory funnel and frozen at 
—10°C; on partial thawing at 4°C, a deep 
yellow fluid was obtained with a colorless ice 
block floating on the surface. The freezing 
and thawing process was twice repeated. Dur- 
ing the thawing which followed the third 
freezing, the melting fluid was collected 
directly into graduated cylinders. Three frac- 
tions were obtained in this manner. The first 
fraction of 25 cc was deep-yellow; the second 


TABLE I. 

ce , mg% mg% mg% 
plasma % total Jo non-pro-  choles- chlor- agglu- 
vol. protein albumin N terol ides tinins 
‘Original fraction 100 5.3 3.5 40 125 400 1:16 
No. 1 25 15.0 3) 83 255 1107 1:64 
No. 2 17 6.5 4.3 40 185 382 1:32 
No. 3 58 0.7 0.5 17 28 100 1: 8 


f 


1Bujwid, 7. f. Bakt., 1897, 22, 287. 
2 Ernst, Coolidge and Cook, J. Boston Med. Soc., 
1898, 2, 166. ; 


3 Rossi, G., Arch. di Fisiologia, 1904, 2, 638. 


4 Hati, S., Z. f. Bakt., 1909, 48, 203. 
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was 17 cc, and the third, derived from the 
colorless ice block, was 58 cc. 

Quantitative determinations of proteins, 
albumin, chlorides, cholesterol and isoagglu- 
tinins were performed on the 3 fractions and 
on a sample of the original plasma. The 
results are presented in Table I. From these 
data, it can be seen that in the first fraction 
all the solid plasma constituents are contained 
in high concentration. 

The percentage of each plasma constituent 
as compared with that of the original plasma 
are given in Fig. 1. From these, it is apparent 
that in the first fraction which represents only 
25% of the original fluid volume, 70% of the 
proteins and chlorides is present, while in the 
third fraction, 58% of the original volume, 
only 8%, of the proteins and 18% of the 
chlorides are present. Centrifugation of a 
frozen sample of plasma yielded similar results 
more rapidly and with a more distinct separa- 
tion of the layers. 

From the above findings, it is felt that these 
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Fig. 1. 


rapid and simple methods which do not require 
the use of chemicals may be of value in the 
concentration of plasma and serum constitu- 
ents. 
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Urinary Excretion of Acid-Decomposable Hydrocarbon Precursors 
Following Administration of Polycyclic Hydrocarbons. 


L. H. CHAnc* AND LEsLtIE Younc. (Introduced by Hardolph Wasteneys.) 
From the Department of Biochemistry, University of Toronto, Toronto, Ontario, Canada. 


In 1934 it was shown! that when naphtha- 
lene is administered to rabbits there is excreted 
in the urine a compound which is decomposed 
by acid, but not by alkali, to yield naphtha- 
lene. Later work? revealed that such a com- 
pound is present in the urine of the rat and 
other species after the administration of naph- 
thalene. Anthracene*? and phenanthrene* 


* Sino-British Fund Fellow. Present address: 
Sterling Chemistry Laboratory, Yale University, 
New Haven, Conn. 

1 Bourne, M. C., and Young, L., Biochem. J., 
1934, 28, 803. 

2 Stekol, J., J. Biol. Chem., 1935, 110, 463; 1935, 
113, 675; 1937, 121, 87. 

3 Boyland, E., and Leyi, A. A., Biochem. J., 1936, 
30, 1225. 


when administered to rats and rabbits give 


rise to the excretion of compounds which yield 
anthracene and phenanthrene respectively 
when decomposed by acid. None of these 
hydrocarbon precursors has been isolated from 
urine. The present work was undertaken in 
order to obtain quantitative data on the 
excretion of these compounds and to study the 
question of whether analogous compounds are: 
formed in the organism from other polycyclic. 
hydrocarbons, namely, acenaphthene, chry- 
sene, 3,4-benzpyrene, 1,2,5,6-dibenzanthracene 
and methylcholanthrene. 

An isolation procedure was developed in 


4 Young, L., and Britton, A., unpublished ob- 
servations. 
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order to determine the amount of hydrocarbon 
liberated by the acid decomposition of urine 
obtained from rats after hydrocarbon admin- 
istration. The sample of urine (50 ml) was 
made alkaline to litmus and extracted in a 
continuous extractor for 6 to 8 hours with 
ether (150 ml). This ether extract was evap- 
orated and the residue was tested in order 
to determine whether it contained any acid- 
decomposable hydrocarbon precursor. With 
none of the hydrocarbons studied was the 
preliminary ether extract of the alkaline urine 
found to contain acid-decomposable hydro- 
carbon precursor. After the preliminary ex- 
traction with ether the urine was acidified with 
hydrochloric acid to a pH measured by a 
Coleman pH electrometer and allowed to stand 
at room temperature. The urine was then 
made alkaline to litmus with sodium hydroxide 
and re-extracted for 10 hours with ether (150 
ml). This ether extract was washed first 
with 2N HCl, then with 2N NaOH, and finally 
with water. It was dried over anhydrous cal- 
cium chloride, filtered into a weighed flask 
and evaporated. The residue so obtained was 
dried in a desiccator and weighed. The weight 
of residue less the ‘“‘blank value” for the urine 
of undosed rats represented the weight of 
hydrocarbon liberated by decomposition of the 
precursor compound. In a series of experi- 
ments with 50 ml samples of normal rat urine 
the average “blank value” was found to be 
2.2 mg and in no experiment did it exceed 3.0 
mg. In some of the experiments described 
later hydrocarbons were administered in liquid 
paraffin. Control experiments in which rats 
were dosed with liquid paraffin showed that 
the administration of this substance did not 
influence the “blank value” of the urine to a 
detectable extent. The efficiency of the isola- 
tion procedure was investigated in a series of 
experiments in each of which a known amount 
(10-50 mg) of hydrocarbon for which the pro- 
cedure was to be used was added to a sample 
of rat urine which had previously been ren- 
dered alkaline and extracted with ether. Under 
these conditions the recovery figures obtained 
ranged from 94 to 102% of the amount of 
hydrocarbon added. 

A study of the decomposition of the naph- 
thalene precursor present in the urine of rats 
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dosed with naphthalene showed that at room 
temperature the optimal acidity for the libera- 
tion of naphthalene was pH 1.5 to 2.5 and 
that under these conditions the amount of 
naphthalene liberated did not increase after 
8 hours. Determinations were then made of 
the amounts of naphthalene liberated in 
periods of not less than 8 hours at pH 1.5 to 
2.5 at room temperature from the urines of 
groups of male white rats dosed with known 
amounts of naphthalene. The rats used 
weighed from 200 to 300 g each. Two methods 
of administering the hydrocarbon were em- 
ployed. In the first of these the hydrocarbon 
was dissolved in warm liquid paraffin and 
given by stomach tube. In the second method 
of administration the rats were fed for 2 one- 
hour periods each day in feeding cages on the 
stock colony diet to which the hydrocarbon 
had been added to the extent of 1%. Signifi- 
cant amounts of naphthalene precursor were 
not detected in the urine excreted later than 
two days after the completion of dosing. In 
order to determine the proportion of the dose 
of naphthalene which was excreted as the acid- 
decomposable hydrocarbon precursor, analyses 
were made of the urine collected during the 
dosing period and for three days after the 
completion of dosing. Experiments similar to 
those described above were also performed 
with phenanthrene and with anthracene. The 
results obtained in the experiments with naph- 
thalene, phenanthrene and anthracene are sum- 
marized in Table I. 

Experiments were performed in which 2 
male rabbits, each weighing approximately 
2 kg, were dosed with naphthalene. Each rab- 
bit received by stomach tube a single dose of 2 
g of naphthalene dissolved in warm liquid par- 
affin. The urine from each rabbit was collected 
daily for 3 days after the administration of 
the naphthalene, and the amount of naphtha- 
lene liberated from the urine under the optimal 
conditions described above was determined. 
The maximum liberation of naphthalene 
occurred in the urine collected on the first day 
after dosing. Traces of naphthalene were 
liberated from the urine excreted on the third 
day after dosing. In the urine collected in the 
3-day period after dosing 5.9% of the naph- 
thalene administered was isolated in the experi- 
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TABLE TI. 
Amounts of Hydrocarbon Liberated at pH 1.5-2.5 at Room Temperature in Periods of Not Less 
than 8 Hours from Rat Urine Excreted Following Administration of Naphthalene, Phenanthrene 


or Anthracene. 


No. of Mg of Mg of % of 

rats in Mode of hydrocarbon hydrocarbon hydrocarbon intake 

Hydrocarbon group administration admin. liberated liberated from urine 
Naphthalene 8 Stomach tube 1600 224 _ 14.0 
Wy 8 ee, a? 800 121 15.1 
ae = Mixed in diet 535 Sy 16.6 
a = a, se 770 98 12.7 
Phenanthrene a Stomach tube 800 48 6.0 
ae - 72 22 800 43 5.4 
iy ~ Mixed in diet 720 28 3.9 
ae 4 OR 685 50 7.3 
Anthracene - Stomach tube 800 18 2.3 
27 - 4 4 800 26 3.3 
a? Mixed in diet 845 23 2.7 
Ps 4 77a iae cee 830 21 2.5 


ment with one rabbit and 8.5% in the experi- 
ment with the other. 

Experiments were also performed with the 
non-carcinogenic hydrocarbons acenaphthene 
and chrysene, and the carcinogenic hydrocar- 
bons 3,4-benzpyrene, 1,2,5,6-dibenzanthracene 
and methylcholanthrene. These hydrocarbons 
were administered singly to groups of male 
white rats by admixture in the stock colony 
diet to the extent of 1%. The conditions of 
the experiments were similar to those described 
above in which naphthalene was administered 
to rats by this method. After the adequacy 
of the isolation procedure had been established 
for each hydrocarbon the urines were sub- 
jected to the conditions which were found to 
be optimal for the breakdown of the naphtha- 
lene precursor excreted by rats receiving naph- 
thalene. The application of the isolation pro- 
cedure to the acidified urines yielded small 
amounts of material which in every experiment 
corresponded to less than 1% of the hydro- 
carbon administered. In no case, however, 
when the residues from a series of experiments 
with a given hydrocarbon were combined and 
examined was it possible to detect the presence 
of hydrocarbon. In no experiment was hydro- 
carbon found on acidification of the residue 
obtained‘ by evaporation of the preliminary 
ether extract of the alkaline urine, and the 
failure to isolate hydrocarbons from the acidi- 
fied urines was therefore not due to removal 
of the precursor compounds by the prelim- 


inary ether extraction of the urines. It there- 
fore appears that the urines of the rats dosed 
with acenaphthene, chrysene, 3,4-benzpyrene, 
1,2,5,6-dibenzanthracene or methylcholan- 
threne either did not contain hydrocarbon pre- 
cursors decomposable under the conditions 
used or that such precursors were present in 
smaller amounts than could be detected by 
the methods employed. 

Summary. After the administration of 
naphthalene to rats there is excreted in the 
urine a compound which can be decomposed 
by acid to yield naphthalene. The optimal 
acidity for the decomposition of this compound 
at room temperature was found to be pH 
1.5-2.5, and under these conditions the 
amounts of naphthalene liberated did not 
increase after 8 hours. When the urines 
obtained after the administration of naphtha- 
lene to rats by stomach tube or by admixture 
in the diet were acidified under the optimal 
conditions described above, from 12.7 to 
16.6% of the naphthalene administered was 
liberated. In similar experiments with phenan- 
threne and with anthracene the acidification of 
the urines obtained resulted in the liberation of 
from 3.9 to 7.3% of the phenanthrene and from 
2.3 to 3.3% of the anthracene administered. 
No liberation of hydrocarbon was detected 
when the urines excreted by rats on diets con- 
taining acenaphthene, chrysene, 3,4-benz- 
pyrene, 1,2,5,6-dibenzanthracene or methyl- 
cholanthrene were acidified to pH 1.5-2.5. If 
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the ingestion of these hydrocarbons by rats is 
followed by the excretion of acid-decomposable 
* hydrocarbon precursors either such compounds 
are excreted in very small amounts or their 
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decomposition occurs under conditions which 
differ from those which bring about the break- 
down of the naphthalene precursor excreted 
after the administration of naphthalene. 
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Antigenic Relationships of the Species Shigella dispar. 


Puitip L. CARPENTER. (Introduced by C. A. Stuart.) 
From the Department of Bacteriology, Rhode Island State College, Kingston, R.1. 


Castellani! isolated from the feces of pa- 
tients with clinical dysentery a bacterium 
which he named “Bacillus ceylonensis B.” 
Five years later? he reported the isolation 
from normal human stools of Bacillus madam- 
pensis. Both organisms were gram-negative, 
nonmotile rods, fermenting many carbohy- 
drates, including lactose, with production of 
acid only, and producing indol. Bacillus cey- 
lonensis B fermented dulcitol, whereas Bacil- 
lus madampensis did not. Both fermented 
sucrose. Andrewes® included these 2 species, 
together with some other lactose-fermenting 
dysentery-like varieties, in his “Bacillus 
dispar.’ Current terminology places these 
microorganisms in the genus Shigella. 

Castellani stated that Bacillus ceylonensis B 
was a_ serologically homogeneous species. 
Glynn and Starkey,* working with 15 strains, 
reported Shigella dispar antigenically hetero- 
geneous. The present investigation was under- 
taken to study further the antigenic structure 
of strains designated Shigella dispar or Shigella 
ceylonensis. 

Thirty-seven strains of bacteria are included 
in this preliminary report. Five were received 
from the American Type Culture Collection; 
10 were received from Dr. K. M. Wheeler, 
and were isolated in Connecticut within the 
past 4 years; 3 were isolated in Texas in 1942, 
and were received from Dr. MacDonald 


1 Castellani, A., J. Hyg., 1907, 7, 1. 

2 Castellani, A., C. f. Bakt., 1912, I, Orig., 65, 
262. ; 

3 Andrewes, F. W., Lancet, 1918, 194, 560. 

4Glynn, J. H., and Starkey, D. H., J. Bact., 
1939, 37, 315. 


Fulton; two were isolated recently in Rhode 
Island by Dr. C. A. Stuart; the remaining 
17 were isolated in a number of different 
laboratories along the Atlantic seaboard. 
Eleven strains of Sh. ceylonensis were received, 
and 26 strains of Sk. dispar. 

All 37 strains produced acid from dextrose, 
lactose, maltose, and mannitol; failed to fer- 
ment salicin, and were indol positive. Further 
fermentation reactions are noted in Table I. 

Antiserums were prepared for 2 strains of 
Sh. dispar and one of Sh. ceylonensis. Table 
I presents a summary of the results obtained 
when the 37 strains were tested for agglutina- 
tion in the various antiserums. The titers 
stated are those for the type strains listed, 
but all organisms grouped together behaved 
similarly. 

It is apparent that the 11 strains of Sh. 
ceylonensis are serologically identical or closely 
related to Sh. dispar type 205. Most of the 
type 205 strains were pigmented, the color 
varying from a faint yellowish-orange to a 
deep orange. None of the SA. ceylonensis 
strains were pigmented, but there appears to: 
be no correlation between pigment production 
and antigenic structure. 

Two other antigenic types, 171 and 221, 
are evident. Thus, there are 3 well defined 
serological groups, the major group including 
21 of the 26 strains of Sk. dispar, together 
with all 11 strains which were designated Sh. 
ceylonensis on the basis of their fermentation 
reactions. 

This grouping of the strains is confirmed by 
adsorption experiments. Antiserums in 1:100 
dilution were adsorbed twice for one hour at 
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TABLE I. 
Fermentation and Agglutination Reactions of Shigella ceylonensis and Shigella dispar. 
Serum agglutinationt 
Fermentation of* — — 
Type Total — Anti-167 Anti-205 Anti-171 
Species strain strains Sucrose Dulcitol Xylose Sorbitol Rhamnose (ceylon.) (dispar) (dispar) 
Shigella 
ceylonensis 167 aul — a. a a + 1:12,800 1:12,800 1:1,600 
Shigella dispar 205 21 + — + 5 + As as 2 
171 2 + —— _ a + 17100 1:100 1:25,600 
22 3 —- ae sb + — <1750 <1750) pies 


* + indicates acid production, 
+ indicates acid production by some strains. 
t+ Tests were read after 12-18 hours at 55°C. 


37°C with heavy antigenic suspensions. Some 
of the results are shown in Table II. 


TABLE II. 
Reciprocal Adsorption of Anti-ceylonensis and 
Anti-dispar Serums. 
Adsorbing Test Agglutination 
Antiserum strain strain titer & 100 
167 Unadsorbed 167 1:128 
205 a cas i | 
171 ad 1:64 
205 Unadsorbed 205 1:128 
167 a ee yo) 
171 eu, 1:128 
wal Unadsorbed Liyal 1:256 
167 2? 1:256 
205 22 1:256 


It is evident that strains 167 and 205 are 
serologically identical. Since these cultures 
represent Sh. ceylonensis and Sh. dispar 
respectively, the conclusion seems warranted 
that these 2 names designate the same organ- 


ism, differing only in pigmentation and in one 
or two biochemical characteristics. Type 171 
(Tables I and II), while antigenically related 
to type 205 (Sh. dispar), possesses a major 
antigenic fraction not shared by type 205. 
On the other hand, type 221, biochemically 
related to Sk. dispar, appears to have no anti: 
zens in common with type 205. The present 
work confirms the antigenic heterogeneity ol 
Sh. dispar, as shown by Glynn and Starkey; 
nevertheless, 86% of the 37 strains used in 
this investigation were antigenically closely 
related or identical. 

Leaving in abeyance for the present the 
question of priority, it is tentatively suggested 
that bacterial groups designated Shigella cey- 
lonensis and Shigella dispar be combined and 
defined as gram-negative, non-sporeforming 
rods which produce indol, ferment dextrose 

- and lactose with production of acid only, and 
may or may not ferment sucrose or dulcitol. 
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Vitamin E Deficiency in Rats Given S 


uccinyl Sulfathiazole in Purified Diets. 


Froyp S. Dart, K. M. Enpicott, L. L. ASHBuRN, AND W. H. SEBRELL, 
From the National Institute of Health, U. S. Public Health Service, Bethesda, Md. 


Daft, Ashburn and Sebrell' reported the 
occurrence of various lesions in rats given 
sulfaguanidine (sulfanilylguanidine) or sulfa- 
suxidine (succinyl sulfathiazole) in purified 
diets. These lesions included hyalinization, 


1 Daft, Floyd §., Ashburn, L. L., and Sebrell, 
W. H., Science, 1942, 96, 321. 


necrosis and calcification of voluntary muscle. 
Ashburn, Daft, Endicott and Sebrell? remarked 
on the similarity of these lesions to those 
ascribed to vitamin E deficiency. They noted 


2 Ashburn, L. L., Daft, Floyd S., Endicott, K. M., 
and Sebrell, W. H., Pub. Health Rep., 1943, 57, 
1883. 


° 


VITAMIN E. DEFICIENCY FROM SULFASUXIDINE 


that the diets into which these sulfonamide 
drugs were incorporated were marginal or pos- 
sibly deficient in vitamin E but that hyalinized 
or necrotic muscle fibers were seen but rarely 
in control rats. We wish to report at this 
time the occurrence of these muscle lesions 
(hyalinization, necrosis and calcification) in 
a group of rats given a somewhat similar 
purified diet containing sulfasuxidine and their 
prevention by a-tocopherol.* 

Twelve litters of 3 rats each were placed on 
experiment at weaning at 21 to 25 days of age. 
Each group of litter-mates consisted of rats 
of the same sex. One rat in each litter was 
given experimental diet No. 735, which con- 
tains sulfasuxidine, and a weekly oral supple- 
ment of 3 mg of g-tocopherol (Merck) in ethyl 
laurate; another was given the same diet (No. 
735) but no a-tocopherol supplement; and 
the third was given the control diet No. 736, 
which does not contain sulfasuxidine, and no 
a-tocopherol supplement. The contro] diet 
No. 736 consists of leached and alcohol ex- 
tracted casein 25 g, sucrose 63 g, salt mixture 
550° 4 g and lard 8 g, into which is incor- 
porated 1 mg of thiamine hydrochloride, 2 mg 
of riboflavin, 1 mg of pyridoxin hydrochloride, 

4 mg of calcium pantothenate, 2 mg of niacin, 
100 mg of choline chloride and 400 yg of 
2-methyl-1,4-naphthohydroquinone diacetate 
(vitamin K). The experimental diet No. 735 
is identical except that 1% of sulfasuxidine 
replaces an equivalent amount of sucrose. 
Twice weekly each rat was given an oral sup- 
plement of 0.25 cc of corn oil containing 2000 
units of vitamin A and 200 units of vitamin 
D (Natola). 

Twenty-two of the 24 rats receiving sulfa- 


*A purified diet, sulfaguanidine 
instead of sulfasuxidine but otherwise identical to 
one (No. 735) used in the present study has been 
fed for 3 months and has failed almost completely 
to bring about the occurrence of muscle lesions. 
The differences between our earlierl and present 
experimental conditions are under investigation. 

3 Spicer, S. S., Daft, Floyd S., Sebrell, W. H., 
and Ashburn, L. L., Pub. Health Rep., 1942, 57, 
1559. 


containing 
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suxidine died after 36 to 84 experimental days. 
Eleven of these had been given the q-toco- 
pherol supplement and 11 had not; their 
average survival times were 48 and 58 days, 
respectively. The remaining 2 animals re- 
ceiving sulfasuxidine and 9 control animals 
were sacrificed at the end of 3 months, the 
other 3 controls at the end of 4 months on the 
experiment. 

The incidence of muscle lesions is shown 
in Table I. These lesions have been described 
in detail previously.” 


TABLE I. 
Incidence of Muscle Lesions. 
Individual 
Sulfa- weekly supple- 

No. rats suxidine ment of No. rats with 
in group in diet aq-tocopherol muscle lesions 

12 0 0 0 

12 1% 0 9 

12 1% 3 mg 0 


From the negative findings with the control 
rats, it does not appear that the basal diet 
which we have employed will produce muscle 
damage in these young rats during the experi- . 
mental period used. The high incidence of 
muscle lesions in the rats which were given 
sulfasuxidine in an otherwise identical diet 
appears to implicate this drug in their produc- 
tion while the preventive action of q-tocopherol 
indicates that these changes are due to a 
deficiency of vitamin E. It is not clear at 
the present time whether this deficiency arises 
through an increased demand for the vitamin, 
through interference with utilization of an 
otherwise adequate supply, or through a de- 
crease in the amount available to the tissues. 

While a-tocopherol is effective in prevent- 
ing muscle lesions it evidently does not com- 
pletely neutralize the toxic effects of sulfa- 
suxidine as is evidenced by its failure to 
prolong the life of the experimental animal. 

Conclusions, (1) Hyalinization, necrosis 
and calcification of voluntary muscle occur in 
rats given succinyl sulfathiazole in certain 
purified diets. (2) These lesions may be pre- 
vented by the oral administration of a-toco- 
pherol. 
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Effect of Pituitary Adrenotropic Hormone on Lymphoid Tissue.* 


Tuomas F. DoucHERTYt AND ABRAHAM WHITE. 


From the Departments of Anatomy and Physiological Chemistry, Yale University School of 
Medicine, New Haven, Conn. 


Introduction. This is a preliminary report 
of organ weight changes observed in studies 
initiated to investigate influences of adrenal 
cortical secretion on lymphoid tissue. 


The existence of a reciprocal relationship | 


between the size of the adrenal cortex and 
the thymus has been shown by previous 
workers. Thymic atrophy in the rat fol- 
lowing treatment with pituitary adrenotropic 
hormone has been reported.*-1° It is also 
known that deficient adrenal secretion results 
in hypertrophy of the thymus. 

Recently, pure adrenotropic hormone has 
been prepared,!! making possible the study of 
effects of normal physiological stimulation of 
the adrenal cortex on the thymus. The 
paucity of data concerning the effects of 
adrenal cortical secretion on the mass of 


* This investigation has been aided by grants 
from The International Cancer Research Founda- 
tion, the Fluid Research Fund, Yale University 
School of Medicine, and the Committee on Thera- 
peutic Research, Council on Pharmacy and Chem- 
istry, American Medical Association. 

+ Fellow of the International Cancer Research 
Foundation. 

1 Hammett, F.S., J. Metabolic Res., 1925, 78, 91. 

2 Anderson, D. H., J. Physiol., 1935, 85, 162. 

3 Selye, H., Endocrinology, 1937, 21, 169. 

4 Dohan, F. C., Proc. Soc. Exp. Bion. AND MED., 
1942, 49, 404. 

5 Ingle, D. J., Proc. Soc. Exp. Bion. AND Mzp., 
1938, 38, 443; 1940, 44, 174. 

6 Kendall, E. C., Ann. Rev. Biochem., 
10, 285. 

7 Cramer, W., and Horning, E. S., Lancet, 1939, 
1, 192. 

8 Moon, H. D., Proc. Soc. Exp. Bou. AND Mzp., 
1940, 43, 42. 

9 Noble, R. L., and Collip, J. B., Endocrinology, 
1941, 29, 934. 

10 Houssay, B. A., J. Am. Med. Assn., 1942, 
118, 833. 

11 Sayers, G., White, A., and Long, C. N. H., 
Proc. Soc. Exp. Brot. AND Mzp., 1943, 52, 199. 
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lymphoid tissue suggested careful studies of 
lymph nodes, spleens and thymi. The pur- 
pose in these researches was to investigate the 
normal mechanism of physiological control of 
lymphoid tissue. 

Experimental. Mice of both sexes, 45 to 55 
days old (CBA strain, Strong), were used in 
all experiments. One group of 5 animals were 
given daily subcutaneous injections of 0.5 mg 
adrenotropic hormone? in 0.5 ml aqueous solu- 
tion. A second group of 18 animals were 
injected subcutaneously daily with 1.0 mg 
hormone in 0.5 ml. 

In order to determine whether injection of 
protein per se influences lymphoid tissue, and 
to test effects of another pure anterior pitu- 
itary hormone, 6 mice were injected subcu- 
taneously daily with an amount of prolactin” 
twice the highest dose of adrenotropic hormone 
used (2 mg prolactin in 0.5 ml solution). 

In all experiments, mice were sacrificed at 
successive three-day intervals over a 15-day 
period. 

A fourth group of 12 animals, litter-mates 
of the experimental ones, served as controls. 
These animals were sacrificed at various 
periods during the study. 

The following tissues were dissected out 
carefully and, weighed on a torsion balance: 
inguinal, axillary and mesenteric nodes, spleen 
and thymus. Other organs weighed were 
gonads, heart, adrenals and_ kidneys. 
Lymphoid tissues were saved for histological 
examination. Blood studies, bone marrow 
differentials and tissue histology will be pre- 
sented at a later date. 

Results. Data obtained for tissue weights 
are presented in Table I. Weights over the 


¢ Acknowledgment is made to Mr. George Sayers 
for assistance in preparing the adrenotropiec hor- 
mone used in this investigation. 

12 White, A., Bonsnes, R. W., and Long, OC. N. H., 
J. Biol. Chem., 1942, 143, 447. 
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TABLE I. 
Effect of Adrenotropic Hormone on Weight of Lymphoid Tissue of the Mouse. 

Tissue wts as mg/100 g of initial body wtt 

Wao Sk WR, 
Paired Paired Paired 

No.of inguinal axillary mesenteric Paired 
Exper.* animals nodes nodes nodes Thymus adrenals Spleen 
Controls 12 70.9+ 3.4t 56.1+ 2.6 1381.4211.8 166.54+11.0 20.641.8 329222 

Adrenotropic hor- 

mone injected 23 52.3+ 2:5 46.32 2.9 89.64 6.2, 67.6+ 7.8 30.8+1.0 370415 
Prolactin injected 6 53.5423 59.4418 99.2+26 175.6474 19.5+6.4 326+17 


* All animals received Fox Chow and water ad libitum. 
+ Data are expressed in terms of body weights of the mice at the beginning of the injection 
period. Thus, alterations in body weight resulting from injection of hormone do not influence 


the results. 
+ Means and standard errors. 


TABLE II. 


Significance of Average Values for Lymphoid 
Tissue Weights. 


P values* for 
prolactin inj. 


P values* for 
adrenotropic hormone 


Tissue inj. animals animals 
Inguinal nodes <.01 03 
Axillary nodes <.01 6 
Mesenteric nodes <.01 ail 
Thymus <<. 0: Als 
Adrenals <0) Alf 
Spleen .06 A!) 


*P values as compared to the same tissues in 
control group. 


15-day injection period are grouped together. 
The statistical significance of the differences 
between weights of tissues from control and 
hormone-injected animals have been calculated 
.by the method of Fisher!* for small series and 
are presented in Table II. It is evident from 
the tables that injection of adrenotropic hor- 
mone produced statistically significant de- 
creases in weights of inguinal, axillary and 
mesenteric nodes, and in thymic mass. It can 
be calculated from Table I that the total 
weight of lymphoid tissue in the treated 
animals, exclusive of the spleen, is approxi- 
mately half (2558 mg) that of similar tissue 
from control animals (4249 mg). 

As expected, the adrenal weights of adreno- 
tropic hormone injected animals are signifi- 
cantly greater than controls. Although the 
difference between the average weight of the 


13 Fisher, R. A., Statistical Methods for Research 
Workers, 1932, 4th Ed., Oliver and Boyd, London. 


spleens in the animals injected with adreno- 
tropic hormone and in the control mice is not 
clearly statistically significant, the trend of 
the data suggest that spleen weight is increased 
in mice injected with adrenotropic hormone. 
Other organs weighed in this study showed no 
significant differences. 

In prolactin-injected mice, reduction in 
weight of inguinal nodes occurred which is of 
questionable statistical significance. Other 
tissues from these animals showed no sig- 
nificant weight changes. 

Although the relation of the adrenal cortex 
to the thymus has been the subject of previous 
investigations, the behavior of other lymphoid 
tissue under the influence of pituitary 
adrenal cortical stimulation has not been care- 
fully examined. It seems scarcely necessary 
to emphasize the importance of knowledge 
concerning the factors controlling variations in 
lymphoid structures. 

The failure of the spleen to follow the same 
weight trends as other lymphoid tissue may be 
better interpreted when histological studies 
are completed. 

The results which have been obtained 
strongly suggest that activity of the adrenal 
cortex may have a profound influence on 
normal maintenance of lymphoid tissue. 

Summary. Injection of pure pituitary 
adrenotropic hormone into CBA strain mice 
produces a decrease in weight of the inguinal, 
axillary and mesenteric nodes, and of the 
thymus. The spleen did not show a weight 
decrease. 
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Isolation of an Iron Pigment From Human Red Hair. 


STEPHEN ROTHMAN AND PETER FLESCH. 


(Introduced by E. M. K. Geiling.) 


From the Section of Dermatology, Department of Medicine and Department of Pharmacology, 
University of Chicago, Ill. 


Since 1878 it has been known that a red 
substance can be extracted with mineral acids 
from human red hair.1? This pigment is not 
obtainable from red hair of animals or from 
any human hair except bright red. 

Experiments. In the authors’ experiments 
red hair was treated with chloroform, acetone 
and glacial acetic acid respectively in the 
cold for fat removal, dehydration and initi- 
ating keratolysis. The colored matter was 
then completely extracted within 2 hours by 
boiling the hair with 0.1 N HCl in a reflux 
condensor. The color of the hair was not 
modified by this procedure. 

The purplish-red clear extract (pH 1.5) 
turned brown on addition of alkali at pH 2.6 
and regained its original red color on re- 
acidification. Further alkalinization precipi- 
tated the pigment at pH 7.0. Above this pH 
it again went into solution with a brown color. 
The sharp isoelectric point made the purifica- 
tion of the substance possible by repeated 
washing, dissolving, and re-precipitating. 

The purified dry material, an amorphous 
dark red-brown powder with a metallic sheen, 
was insoluble in water, in organic solvents, and 
in acetic acid; it was easily dissolved by alka- 
lies and by triethanolamine, a brown color re- 
sulting. Solution of the dry substance in acids 
was difficult but was easily accomplished after 
previous solution in alkali. The dry pigment 
kept indefinitely at room temperature. Heated, 
it decomposed without melting and left a 
reddish-brown ash. One hundred grams of 
hair yielded about 40 mg of pigment. 

Qualitative analysis revealed iron in a com- 
plex form. The thiocyanate test for ferric 
‘lions was positive whether the hair had been 
extracted in the presence or absence of oxygen. 

_ Red acid solutions showed a narrow absorp- 


1Sorby, H. C., J. Anthropol. 
Britain, 1878, 8, 1. 
2 Arnow, L. E., Biochem. J., 1938, 32, 1281. 
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tion band with a maximum at 535 mp. This 
band disappeared from the spectrum after 
alkalinization. 

The pigment was dialyzable. In a cata- 
phoresis experiment the color migrated to the 
anode at pH 9.15. 

On addition of strong mineral acids or of an 
excess of thiocyanate, a brown substance pre- 
cipitated, which was soluble in alkalies only. 
From the supernatant fluid of either precipi- 
tate another red substance could be precipi- 
tated at pH 7, showing the same properties as 
the original pigment except for a stronger 
thiocyanate reaction. 

The diazo reaction and reactions for alde- 
hyde, ketone groups, for tyrosine, catechol, 
pyrrol and indole nuclei were negative. The 
solutions did not show fluorescence in ultra- 
violet light. 

Quantitative microanalysis of the purified 
pigment was performed on 2 samples from 
different groups of individuals.* 


Purified Pigment. 
Co > NS Ash 


45.06 5.04 7.43 7.31% 
45.27 4.88 7.06 13.11 (Fe9.17)% 


First sample 
Second sample 


In a 5-minute micro-Van Slyke experiment 
the pigment yielded 0.32% amino nitrogen. 

Quantitative analysis of the red cleavage 
products gave these results: 


Cleavage Products. 


Che He Nee Ash 


Decomposition 
by HCl 

Decomposition 
by KSCN 


32.05 3.91 7.74 26.46 (Fe 18.51) % 
33.97 3.93 5.65 31.41 (Fe 21.30) % 


Despite the great difference in iron content 


* Dr. T. 8. Ma, Department of Chemistry, Uni- 
versity of Chicago. 
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the C:H:N ratio in the original material and 
in the KSCN cleavage product was almost 
iGenricals) 7.5-10:71 versus. 7.1:10:1. The 
brown precipitate formed during the HCl 
cleavage yielded C: 47.27, H: 5.32, ash: 
2.90%. 

The difficulty in calculating empirical for- 
mulas indicates we must further purify the 
material. For the original pigment the tenta- 
tive formula is suggested: (Cy;H2a9N209) 2Fe. 

Comment. The purplish-red color of the 
iron-pigment, the reversible color change with 
the pH and the type of the absorption spec- 
trum® strongly suggest that it belongs in the 
group of complex phenolic iron compounds. 
In such compounds a single ferric ion is com- 
plexly bound to a varying number of phenolic 
radicals.* The data of the cleavage products 
indicate that during decomposition some phe- 


3 Wesp, E. W., and Brode, W. R., J. Am. Chem. 
Soc., 1934, 56, 1037. 

4Weinland, R. I., and Herz, 
Annalen, 1913, 400, 219. 
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nolic groups separate from the iron, whereas 
others do not. Thus in the supernatant fluid 
new compounds of smaller molecular weight 
are present with all the properties of: the 
original pigment (including similar absorp- 
tion spectra) but containing more iron. 

Phenolic iron compounds, however, are less 
stable than the pigment of red hair. The 
latter’s greater stability may be explained by 
assuming that the phenolic OH-group is 
attached to a heterocyclic ring containing 
nitrogen. The negative reactions for pyrrol 
and pyridine do not exclude such a possibility 
because substitutions on these rings modify 
their reactivity. At present, no definite state- 
ment can be made regarding the chemical 
structure of the iron-containing pigment of 
red hair. 

Summary. A red iron pigment was isolated 
from human red hair. The presented data 
indicate that it may be a complex phenolic iron 
compound in which the phenolic OH group is 
attached to a heterocyclic ring containing 
nitrogen. 
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Physiological Studies on Five Patients Following Ligation of the Inferior 
Vena Cava. 


GrorcE E. BurcH AND TRAviIs WINSOR. 
From the Department of Medicine, School of Medicine, Tulane University, and Charity Hospital 
of Louisiana, New Orleans, La. 


The effects of ligation of the inferior vena 
cava of the experimental animal upon the 
circulation and functions of the parts drained 
by its tributaries have been studied by 


many.’? If the ligation is below the renal 
veins, there are no apparent serious 
results. The inferior vena cava has been 


ligated relatively frequently in man.?* It has 


1Polkey, H. J., Urol. and Cutan. Rev., 1929, 
33, 394. 

2 Whittenbergr, J. L., and Huggins, C., Arch. 
Surg., 1940, 41, 1334. 

3 Krotski, J., Chirurg., 1937, 9, 425. 

4 Ochsner, A., and DeBakey, M., New England 
J. Med., 1941, 225, 207. 


been noted that when the ligation is below 
the renal veins, there is little disturbance 
experienced by the patients. It is the purpose 
of this report to record briefly a few physio- 
logic observations made on 5 patients in whom 
the inferior vena cava was ligated by Dr. 
C. G. Collins of the Department of Gyne- 
cology and Obstetrics of Tulane Medical 
School. 

Methods. The patients were studied several 
days after operation when they were suffi- 
ciently well to be moved from Charity Hos- 
pital to a laboratory specially equipped for 
such observations. These people were too ill 
to be moved from the hospital to the laboratory 
for study before operation. ® 
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All observations were conducted in an air- 
conditioned room with a temperature of 
75°F + 1° and relative humidity of 
50% + 1%. The patients rested in bed for 
at least 30 minutes before any measurements 
were made. The room was constructed to 
reduce psychic disturbances to a minimum, 
being very much like one previously described.® 
All observations except the venous pressure, 
were made essentially without the patient’s 
knowledge except for small parts of the 
apparatus that were connected to her. All 
5 patients were females. 

The following measurements were made: 

1. The rate of water loss from the skin of 
the right index finger tip, right second toe tip, 
right pretibial region and volar surface of the 
right forearm was determined quantitatively 
by a method previously described. The rate 
of water loss was determined first at a tem- 
perature and relative humidity of 75°F + 1° 
and 50% + 1% respectively. After measur- 
ing the rate of water loss under these environ- 
mental conditions for two 15-minute periods 
the temperature of the room was raised to 
100°F + 2° and the relative humidity to 
75% + 2%. These levels were reached 
within 15 minutes and the rate of water loss 
was measured for 2 more 15-minute intervals. 
The room temperature and humidity were 
then returned to the original levels. 

2. The volume of pulsations of the right 


index finger tip and right second toe tip were - 


measured quantitatively by the plethysmo- 
sphygmographic method of Turner.’ These 
determinations were made after the subject 
had been resting another 30 minutes at the 
comfortable temperature and humidity of 
75°F and 50% respectively. 

3. The venous pressure in a vein of the 
dorsum of the foot and left antecubital area 
with the respective parts at the level of the 
heart was determined directly by a method 
previously described. The venous pressure 


5 Neumann, C., Cohn, A. E., and Burch, G. E., 
J. Clin. Invest., 1942, 21, 651. 

6 Neumann, C., Cohn, A. E., and Burch, G. E., 
Am. J. Physiol., 1942, 132, 748. 

7 Turner, R. H., J. Clin. Invest., 1937, 16, 777. 

8 Burch, G. E., and Sodeman, W. A., J. Clin. 
Invest., 1939, 18, 31. 
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measurements were made after completing 
the other studies. 

The above observations were made from 8 
to 18 days after ligation of the inferior vena 
cava. In every instance, the patients were 
free from fever and other evidence of infection 
when the studies were performed. In 4 sub- 
jects. the measurements were repeated at 
intervals indicated by Table I. Patient No. 1 
could not be contacted for a follow-up study. 

Results. 
Table I. 

The venous pressure was greatly elevated 
in the veins on the dorsum of the feet following 
ligation of the vena cava while the pressure in 
the antecubital veins remained normal. In 
no patient did the pressure return to normal, 
even as long as 10 months postoperatively. 

All patients developed edema postoperative- 
ly along with the increase in venous pressure. 
In the 5 persons the edema was worse when 
they were up and about and only one (Pa- 
tient No. 3) was clinically free from edema 
during any time of observations. None of 
them developed any cyanosis, erythema, 
petechiez, pallor, paresthesia, tenderness, or 
hyperesthesia. Except for edema of the legs 
below the knees, the patients were clinically 
well. 

There were no significant disturbances in 
water loss under a comfortable room environ- 
ment, or under a hot humid one. There was 
an increase in the rate of water loss from the 
skin in a normal fashion when the room was 
made hot and humid. 

The volume of pulsations of the toe tips 
decreased markedly in all 5 patients following 
ligation of the inferior vena cava. Even the 
maximum volume of pulsation of the toe tips 
was less than the mean volume of pulsations 
in the normal toe tip, the former being 3.5 
cmm per 5 cc of toe tip and the latter 4.0 cmm 
per 5 cc of toe tip. In patient No. 5 the 
volume. of pulsations in the toe tip returned to 
normal by the time of the second observation, ° 
although the venous pressure was still abnor- 
mally high. There was no edema, however. 

Discussion. Increase in venous pressure in — 
the veins of the dorsum of the feet following 
ligation of the inferior vena cava is known to 
occur. The fact that the levels reached were 


The results are summarized in 
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not greater indicates a good collateral circula- 
tion around the ligated vena cava. To a large 
extent the level of the venous pressure reached 
is inversely related to the degree of collateral 
circulation. The pressure did not return to 
normal in any of the patients, even after 
approximately 10 months following operation. 
It is possible that in some instances the venous 
pressure will eventually reach normal. 


Every patient developed edema of the legs 
and feet postoperatively and only one (Patient 
No. 3) became clinically free from edema 
during the period of study. The increases in 
venous pressure were sufficient to produce 
edema. Patient No. 3 was clinically free 
from edema even though the venous pressure 
was still elevated indicating adequate com- 
pensating phenomena. 

The rate of water loss from the surface of 
the skin of the tip of the right second toe and 
the pretibial area was not changed materially 
by ligation of the inferior vena cava. There 
was a normal increase in rate of water loss 
when the patients’ environment was made hot 
and humid. An increase in venous pressure 
for several days apparently does not signifi- 
cantly influence water loss through the skin. 
No observations were made immediately after 
ligations of the vena cava. 


The effects of ligation of the inferior vena 
cava upon the volume of pulsations in the 
tip of the right second toe is in keeping with 
previous observations.?1°14 It was found 
that an increase in venous pressure, produced 
by chemical irritation, ligation of the femoral 
vein, or by the influences of gravity, such as 
lowering the parts in man below heart level," 
resulted in a marked decrease in the volume of 
pulsations of the distal blood vessels. The 


9 DeBakey, M. E., Burch, G. E., and Ochsner, A., 
Proc. Soc. Exp. Bion. AND Mep., 1939, 41, 585. 

10 Burch, G. E., DeBakey, M., and Sodeman, 
W. A., Proc. Soc. Exp. Bion. anp Mep., 1939, 
42, 858. 

11 Turner, R. H., Burch, G. E., and Sodeman, 
W. A., J. Clin. Invest., 1937, 16, 789. 
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relationships between the increase in venous 
pressure. and volume of pulsations were 
studied in a mechanical model and were found 
to be inversely related functions.1° The effects 
of the decrease in the volume of pulsations in 
the peripheral blood vessels upon the efficiency 
of circulation, lymph flow, flow of intercellular 
fluids and the like remain unknown. Some 
studies indicated a decrease in the rate of 
lymph flow with a decrease in the volume of 
pulsations of blood vessels.” 

Clinically these 5 patients compensated 
remarkably well following ligations of the 
inferior vena cava. The sudden death of 
patient No. 2, about 6 months following opera- 
tion, may have been related to the ligation. 
The clinical history regarding her sudden 
death suggested hemorrhagic encephalitis fol- 
lowing an intravenous injection of arsenic 
for lues as the cause. An autopsy could not 
be obtained. 

Summary. The venous pressure, rate of 
water loss from the skin and volume of pulsa- 
tions in ‘the peripheral blood vessels were 
measured in 5 patients following ligation of 
the inferior vena cava below the level of the 
renal veins. 

The venous pressure increased markedly in 
the veins of the dorsum of the foot. Edema 
developed immediately after operation and 
only one patient was edema-free approxi- 
mately 10 months after operation. In no 


- patient did the venous pressure in the veins 


of the foot return to normal up to 10 months 
postoperatively. 

The rate of water loss from the skin of the 
tip of the right second toe and pretibial area 
was normal by the eighth postoperative day. 
There were no measurements earlier. 

The volumes of pulsations of the peripheral 
blood vessels were decreased markedly by 
ligation of the inferior vena cava. 

All patients showed a remarkably good 
compensation of the circulation following 
ligation. 


12 Cressman, R. D., and Blalock, A., Proc. Soc. 
Exp. BioL. AND Mep., 1939, 41, 140. 
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Selective Permeability of Skin Capillaries. 


ULricH FRIEDEMANN. (Introduced by Benjamin Kramer.) 
From the Division of Bacteriology, Brooklyn Jewish Hospital. 


The extensive experimental work on the 
so-called blood-brain barrier has shown that 
at least one area of the capillary system, 
namely, the capillaries of the central nervous 
system, is endowed with a selective perme- 
ability. As has been shown elsewhere,! these 
capillaries are permeable to electropositive 
and electroneutral substances, impermeable to 
electronegative ones. These conclusions were 
based on experiments with toxins, viruses, 
antibodies, drugs and aniline dyes in rabbits 
and guinea pigs. The experiments here re- 
ported are concerned with the permeability 
of the cerebral capillaries to aniline dyes in 
other species and with the permeability of the 
capillaries of other organs in guinea pigs. 

Barbour and Abel? reported that after 
removal of the fore-brain of frogs the rest of 
the brain was stained by some sulfonated 
-aniline dyes. We, therefore, investigated the 
permeability of the cerebral capillaries to basic 
and acid dyes in the intact frog. Frogs 
weighing approximately 50 g (Rana pipiens) 
were used and the dyes injected into the 
abdominal lymphsac. The results are re- 
corded in Table I. 

It will be seen that the results are different 
from those obtained in rabbits and guinea pigs. 
The cerebral capillaries of the frog are per- 


meable to both basic and acid dyes while 
the cerebral capillaries of rabbits and guinea 
pigs are selectively permeable to basic dyes. 

Vital staining experiments with some acid 
aniline dyes reported in the literature! mostly 
without references to our problem seem to 
indicate that the capillaries in some areas of 
the vascular system are permeable to acid 
dyes. The number of organs thus far investi- 
gated, however, is limited and the distribution 
of basic dyes has not been studied systemat- 
ically. 

Four ml of 1% solutions of a variety of 
basic and acid aniline dyes, therefore, were 
injected intravenously into guinea pigs weigh- 
ing 300 g. The staining effects were observed 
macroscopically and are recorded in Table II. 

As may be seen from Table II, muscles, 
epidermis, lungs, liver, kidneys, and adrenals 
are stained by both basic and acid dyes 
although not by all of them. The inner sur- 
face of the abdominal skin—and the same 
probably holds true for connective tissue in 
general—however is selectively stained by acid 
dyes. 

At first sight this result might be explained 
by a selective affinity of connective tissue for 
acid aniline dyes. Jn vitro experiments, how- 
ever, did not support this explanation. In 


TABLE I. 
Minimal Staining Doses of Basic and Acid Aniline Dyes in mg, in Frogs (Rana pipiens) 
Weighing 50 g. 


Basie dyes Acid Dyes 
Nile Blue 3.0 Eosin 8 
Chrysoidine 3.2 Trypan Blue 9 
Bismark Brown 6.5 Naphthol Yellow 10 
Malachine Green 8.6 Acid Fuchsin 10* 


Pyronine 
Neutral Red 
Methylene Blue 


68.0 (faint) 
180.0 (faint) 
No staining t 


Congo Red 
Tropaeolin 00 


35 (faint) 
No staining 


* After acidification with hydrochloric acid. 


+ Even after acidification and treatment with H2Op. 


1Friedemann, U., Physiol. Rev., 1942, 22, 125. 


2 Barbour, H., and Abel, J. J., J. Pharm. and 
Exp. Therap., 1910, 2, 163. 
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TABLE II. 


Distribution of Basic and Acid 


Inner surface 
of abdominal 


Aniline Dyes in Various Organs. 


skin Muscles Epidermis Lungs Liver Kidneys Adrenals 

Basie Aniline Dyes. : 
Methylene Blue 0 + + + 5 le + + 
Night Blue 0 —_— —_ — — — — 
Brilliant Green 0 + + + + — + 
Chrysoidine 0 + + a 0 (2) 0 + 
Nile Blue 0 + —~ + — 0 — 

Acid Aniline Dyes. 
Trypan Blue + + + + + + + 
Indigodisulfonate a + + 0 0 0 0 
Light Green + + — 0 0 — + 
Eosin + + + + — — - 


0 = No staining. -+ = Organ stained. 


these experiments small bits of freshly excised 
abdominal skin from which the thin muscular 
layer covering the inner surface was removed 
were put into varying dilutions of basic and 
acid dyes in guinea pig serum. The staining 
effect is recorded in Table III. 


TABLE III. 
In vitro Experiments. All Dilutions of Dyes Made 
in Guinea Pig Serum, 


Dilution of Methylene Trypan Night 
dye Eosin Blue Blue Blue 
1:500 —_ — + — 
1:1,000 + Ss ae = 
1:2,000 + + 0 ate 
1:4,000 + + 0 + 
1:8,000 ae ae 0 pun 
1:16,000 0 ee _ 0 
1:32,000 0 0 — 0 
1:64,000 0 0 _— 0- 
Cy 1:8,000 1:16,000 1:1,000 1:8,00 


As may be seen from Table III basic dyes 
stain the skin even in higher dilutions than do 
acid dyes. The objection may be raised that 
the staining properties of the abdominal skin 
may undergo a rapid change after removal 
from the animal body. Transplantation ex- 
periments with skin, however, show that ex- 
cised skin retains its viability during the 
time consumed in our im vitro experiments. 
Also, respiration of excised tissues remains 
intact for many hours. There is no reason, 
therefore, for supposing that the staining 
properties of the abdominal skin im vitro are 
essentially different from those in the intact 
animal. Nevertheless, this objection was met 
by the following experiment: In the anesthe- 
tized living guinea pig a flap of abdominal 


Not investigated. 


skin was formed by severing the skin in the 
middle line and along Pouparts ligament. 
The thin muscle layer on the peritoneal sur- 
face of the skin was removed with a forceps 
and drops of various dilutions of methylene 
blue and eosin in guinea pig serum placed on 
the inner surface of the abdominal skin at 
some distance from the cuts. Both dyes 
stained in a dilution of 1:10,000. 

The in vitro experiments do not necessarily 
express any affinity of the dyes for connective 
tissue. Primarily probably both dyes pene- 
trate the skin by way of diffusion. There is 
no reason why they should not do so from 
the vascular system provided the capillaries of 
the skin were perfectly permeable to both 
basic and acid aniline dyes. On this assump- 
tion the minimal staining concentration in the 
blood plasma (Cb) should be identical with 
the one observed 7m vitro (Cv). It will be 
shown presently that Cb can be calculated by 
dividing the intravenous minimal staining 
amounts of the individual dyes through the 
plasma volume (1/25 of the body weight). 
As a matter of fact, according to Wittgenstein 
and Krebs® basic aniline dyes leave the vas- 
cular system much more rapidly than do acid 
dyes. In previous investigations on the per- 
meability of the cerebral capillaries,* how- 
ever, it was shown that within the limits of 
experimental error Cb and Cv were identical 
for basic dyes. This result shows that the 
staining effect is determined by the initial 


3 Wittgenstein, A., and Krebs, H. A., Pfliigers 
Arch., 1926, 212, 268, 282. 
4 Friedemann, U., J. Immunol., 1937, 32, 97. 
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TABLE IV. 


In vivo experiments. All dyes injected intravenously in 1% solution. 


Animal killed 3 minutes 


after injection, by ether anesthesia. 


Wt of guinea Dye Concentration 
pig in g in mg in blood plasma Result Ch 
I. Bosin 340 11 1:1,200 a 1:2,400 

460 7.6 1:2,400 ate 
300 2.5 1:4,800 _— 

II. Trypan Blue 425 28 1:600 = 1:600 
375 12.5 1:1,200 — 

III. Methylene Blue 325 44 1:300 — >1:300 
300 20 1:600 — 

IV. Night Blue 225 30 1:300 — >1:300 
265 18 1:600 — 


Plasma volume is calculated by dividing the body weight of the experimental animal by 25. 


+ = Strongly colored. 
TABLE V. 
Ch, Cv, and Cb/Cy. 
Ch o> Ov Ch/Cv 
Eosin 1:2,400 1:8,000 3.3 
Trypan Blue 1:600 1:1,000 LSTA 
Methylene Blue >1:300 1:16,000 >53 
Night Blue >1:300 1:8,000 >27 


concentration of the dye in the blood plasma. 
Cb, therefore, was calculated for eosin, trypan 
blue, methylene blue and night blue and the 
results are recorded in Table IV. 

The Cb, Cv, and Cb/Cv values for the 4 
dyes are recorded in Table V. 

As may be seen from Table V the Cb and 
Cv values for acid dyes are not identical but 
very close to each other. On the contrary, 
the Cb/Cv values. for basic dyes are far above 
1. These experiments show that the capillaries 


+ = Slightly colored. — = Uncolored. 


of the skin are permeable to acid dyes, im- 
permeable to basic dyes. 

It may be emphasized that the colloidal 
or non-colloidal character of the dyes is appar- 
ently of no significance. For there are col- 
loidal and non-colloidal dyes in both groups. 
The permeability of the cerebral capillaries 
was likewise found to be independent of the 
degree of dispersion of the dyes. The de- 
cisive factor is apparently the electrical 
charge. We thus reach the conclusion that 
both the cerebral capillaries and those of the 
skin (and probably of the connective tissue 
in general) are endowed with a selective per- 
meability to polar substances. But one is 
the reverse of the other. The theoretical 
aspects of these findings will be dealt with in 
a separate paper. 
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Comparative Solubilities of Sulfadiazine, Sulfamerizine and Sulfamethazine 
and Their N,-Acetyl Derivatives at Varying pH Levels. 


D. RourkKE GILLIGAN AND Major NorMAN PiLumMMER, M.C., A.U.S. 


From the New York Hospital and Department of Medicine, Cornell University Medical College, 
New York City. 5d 


Monomethyl and dimethyl derivatives of 
sulfadiazine—namely, sulfamerizine and sulfa- 
methazine—are currently receiving clinical 
trials.1-?.3,4 


N —CH 


Neo 
SO.NH —C CH 


( yan 


NH», 


2-S*-pyrimidine (Sulfadiazine$t). 


aes | 
SO.NH—C CH 


N = CH 
Nw 
NH» 
2-S-4-methylpyrimidine (Sulfamerizine7t) . 
N — CCH3 
|| 
SO.NH — C . 
ee 
C N = CCH; 
WE 
NH» 


2-S-4,6-dimethylpyrimidine (Sulfamethazine$t). 


1 Macartney, D. W., Smith, G. S., Luxton, R. W., 
Ramsay, W. A., and Goldman, J., Lancet, 1942, 
1, 639. 

2 Jennings, P. A., and Patterson, W. H., Lancet, 
1942, 2, 308. 

3 Goodwin, R. A., Jr., Peterson, O. L., and Fin- 
land, M., Proc. Soc. Exp. Bion. anD Mep., 1942, 
51, 262. 

4 Murphy, F. D., Clark, J. K., and Flippin, H. F., 
Am. J. Med. Sci., 1943, 205, 717. 

*S = Sulfanilamido; nomenclature by Crossley 
et al.d 

t References to articles giving nomenclatures. 

5 Crossley, M. L., Northey, E. H., and Hultquist, 
M. E., J. Am. Chem. Soc., 1938, 60, 2217. 

6 Roblin, R. O., Jr., Williams, J. H., Winnek, 


In vitro and in vivo studies have revealed that 
the bacteriostatic activities against several 
different organisms of these derivatives of 
sulfadiazine are quantitatively similar to those 
of sulfadiazine®®!° and of sulfapyridine.® 

It has been suggested that renal complica- 
tions due to precipitation of the drugs or their 
acetyl derivatives? might be less frequent 
during therapy with sulfamerizine**+? and 
with sulfamethazine,® than with sulfadiazine. 
The different solubility characteristics of the 
three 2-sulfanilamidopyrimidine drugs and of 
their acetyl derivatives are therefore of par- 
ticular interest. The solubilities of all of these 
compounds in buffer solutions of pH values 
within the physiological range of urinary pH 
are reported here; the findings for sulfa- 
diazine and acetylsulfadiazine have also been 
presented elsewhere.1? : 

Methods of Study. An excess of the com- 
pounds to be dissolved was shaken in M/15 
phosphate buffers and in M/10 citrate + 
NaOH buffers of various pH values for 18 
hours in a water bath at 37°C and filtered in 
an incubator room at 37°C. The pH of the 


P.S., and English, J. P., J. Am. Chem. Soc., 1940, 
62, 2002. 

7 Welch, A. D., Mattis, P. A., Latven, A. R., 
Benson, W. M., and Shiels, F. H., J. Pharm. 
and Exp. Therap., 1943, 77, 357. 

8 Rose, F. L., Martin, A. R., and Bevan, H. G. L., 
J. Pharm. and Exp. Therap., 1943, 77, 127. 

9 Roblin, R. O., Jr., Winnek, P. S., and English, 
J.P., J. Am. Chem. Soc., 1942, 64, 567. 

10 Bell, P. H., and Roblin, R. O., Jr., J. Am. 
Chem. Soc., 1942, 64, 2905. 

¢{ Throughout this report, ‘‘acetyl derivative’’ 
refers to the Ny-acetyl derivative. 

11 Gilligan, D. R., Garb, S., and Plummer, N., 
Proc. Soc. Exp. Bion. anD Mep., 1943, 52, 248. 

§ The sulfonamide compounds were supplied by 
Lederle Laboratories, Inc. 


SOLUBILITIES OF 2-SULFANILAMIDOPYRIMIDINE COMPOUNDS 


filtrate was measured immediately at room 
temperature with a Beckman glass electrode 
pH meter and appropriate corrections for the 
differences between room temperature and 
37°C were applied. The amounts of dissolved 
compounds were measured according to the 
method of Bratton and Marshall.” Studies 
of the amounts of the drugs and of their 
acetyl derivatives dissolved in M/15 PO, 
buffer of pH 6.98 after 18 and 42 hours of 
shaking at 37°C showed that saturation had 
been reached in 18 hours. The results were 
calculated in terms of molar concentrations 
and sulfadiazine equivalents in mg per 100 cc 
for the purpose of ease of comparison. (Fig. 

Hiya 
12 Bratton, A. C., and Marshall, EH. K., Jr., 
J. Biol. Chem., 1939, 128, 537. 
409 ; 0.016 
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Results. The solubilities of all of the com- 
pounds studied increase with increasing pH 
over the range of 5.0 to 8.0 (Fig. 1,2). The 
solubilities in citrate buffers accord with those 
in phosphate buffers. 


Both in terms of molar concentrations and 
weights of compounds dissolved per unit vol- 
ume the acetyl derivatives of sulfadiazine and 
of sulfamethazine are more soluble than the 
parent drugs, respectively, throughout the 
range of urinary pH (Fig. 1,2). Similarly 
acetylsulfamerizine is more soluble than is 
sulfamerizine in terms of weight of compound 
dissolved; in terms of molar concentration, 
however, these two compounds have prac- 
tically the same solubilities between pH 5.2 
and 6.4 (Fig. 1, 2). 

Sulfamethazine is the most soluble of the 3 


PO, BUFFERS =/@,4,8 
CITRATE BUFFERS = 0,4,0 


300 


200 


SOLUBILITY OF COMPOUND 
ro) 
°o 
te} 


MOLAR 


SULFADIAZINE EQUIVALENT 
MGM PER 100 CC 
CONCENTRATION 


Fig. 1. 
Curves of Solubility of Sulfadiazine, Sulfamerizine, and Sulfamethazine 
in Buffer Solutions. 
The solid circles, triangles and squares represent measurements in 
phosphate buffers for sulfadiazine, sulfamerizine, and sulfamethazine, 


respectively. 
buffers. 


The open symbols represent measurements in citrate 
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drugs in the acid range of urinary pH, and 
sulfadiazine is the most soluble in the alkaline 
range (Fig. 1). Acetylsulfamethazine is more 
soluble than acetylsulfamerizine in the whole 
acid range of urinary pH and is more soluble 
than acetylsulfadiazine up to pH 6.65; acetyl- 
sulfadiazine is the most soluble of the 3 com- 
pounds in the alkaline range (Fig. 2). 
Discussion, The data presented here accord 
in general with other recently published find- 
ings on the solubilities of some of these com- 
pounds in normal urine of varying pH,"1% or 
in HO plus varying amounts of NaOH.18 


13 Jensen, O. J., Jr., and Fox, C. L., Jr., J. Urol., 
1943, 49, 334. 


a abe 
ol ETHAZINE _ 


pam ULFAMERIZINE 


ACETYLSULFADIAZINE 
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8.0 


Fie. 2. 
Curves of Solubility of Acetylsulfadiazine, Acetylsulfamerizine, and Acety!- 
sulfamethazine in Buffer Solutions. 

The solid circles, triangles and squares represent measurements in phos- 
phate buffers for acetylsulfadiazine, acetylsulfamerizine, and acetylsulfame- 
thazine, respectively. The open symbols represent measurements in citrate 
buffers. 


It is to be noted that Rose e¢ al.8 and Macart- 
ney ef al. reported solubility data for “sulfa- 
methazine hemihydrate,” a meta-stable com- 
pound with lower melting point (178°-180°C) 
and much higher solubility? than those of 
sulfamethazine (Fig. 1). This “sulfametha- 
zine hemihydrate”’ was the original sulfame- 
thazine preparation produced by Imperial 
Chemical Ltd. (England), and which they 
subsequently have been unable to reproduce.* 
The sulfamethazine compound now produced 


|| This information was gained through a cour- 
teous personal communication, dated April 19, 
1943, from Drs. H. R. Martin and F. L. Rose of 
Imperial Chemical, Ltd. 


‘Lactic Acip IN GLYCOGEN DISEASE 


and distributed for clinical use!! by them has 
the same melting point (197°-198°C) as that 
(198°-199°) produced for Lederle Labora- 
tories, Inc., and used in our studies. We 
were able to study a sample of this later 
sulfamethazine product of Imperial Chemical 
Ltd., and found its solubility at varying pH 
levels to be the same as that of the sulfametha- 
zine (Fig. 1) from Lederle Laboratories, Inc. 

It was found recently that no crystalluria 
or renal complications occurred in a series of 
over 150 patients who had received sulfadia- 
zine together with sufficient adjuvant alkali 
therapy to maintain the urine neutral or alka- 
line.1''* These clinical findings accord with 
the markedly increased solubilities of sulfa- 
diazine and acetylsulfadiazine in alkaline 
solutions (Fig. 1, 2). Whether the incidence 
of renal complications from sulfamerizine or 
sulfamethazine will be sufficiently low to war- 
rant the use of these drugs with no adjuvant 
alkali therapy awaits answer from further 
clinical trials. The daily amounts of the drug 
excreted in the urine on appropriate thera- 


14 Gilligan, D. R., Garb, S., Wheeler, C., 
Plummer, N., J. A. M. A., in press. 


and 
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peutic doses, together with the extent to 
which the drug in the urine is acetylated, are 
factors of great importance. Since the urinary 
precipitates from all of the sulfonamide drugs 
are usually chiefly composed of the acetyl 
derivatives of the drugs,*:!°'° it is of par- 
ticular interest to note that the mean solubility 
of acetylsulfamerizine in the acid range of 
urinary pH is no greater than that of acetyl- 
sulfadiazine, whereas the mean solubility of 
acetylsulfamethazine in the acid range is con- 
siderably higher than that of acetylsulfa- 
diazine (Fig. 2). 

Summary. Comparative data are presented 
on the solubilities of sulfadiazine, sulfamerizine 
and sulfamethazine and their N4-acetyl deriva- 
tives in buffer solutions at varying pH levels 
within the physiological range of urinary pH. 
The findings have been discussed briefly in 
reference to their possible bearing on renal 
complications from therapy with these drugs. 


15 Stewart, J. D., Rourke, G. M., and Allen, J. G., 
J. A. M. A., 1938, 110, 1885. 

16 Prien, E. L., and Frondel, C., J. Urol., 1941, 
4G, 748. 
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Blood Lactic Acid in Liver Glycogen Disease. 


Howarp H. Mason AND'GRACE E. Sty. 


(Introduced by R. McIntosh.) 


From the Babies Hospital and the Department of Pediatrics, Columbia University College of 
Physicians and Surgeons. 


An increase in the amount of circulating 
lactic acid is generally attributed to anoxia.! 
This is the cause of the high values obtained 
during muscular work, in cardiac decompensa- 
tion, anemia, pneumonia, and shock. The 
concentration of lactic acid in the blood can, 
however, be raised above the normal fasting 
level by the injection of epinephrine.? Cori® 
has demonstrated that in this case the lactic 
acid comes largely from the breakdown of 


1 Jervell, O., Acta Med. Skand., 1928, 24, 1. 
“2 Loeb, R.-F., J. Clin. Invest., 1931, 10, 19. 

3 Cori, C. F., and Cori, G. T., J. Biol. Chem., 
1928, 79, 309. 


muscle glycogen. This phenomenon is appar- 
ently not associated with anoxia. 


We have recently had the opportunity to 
observe 2 infants with a singular disease, in 
which the high blood lactic acid would seem 
to be due to some other mechanism than that 
postulated.. The disease in question, com- 
monly known as hepatic glycogen disease or 
von Gierke’s disease, is characterized by a 
defect in liver metabolism, in consequence of 
which the liver accumulates abnormally large 
stores of glycogen which it is unable to trans- 
form into glucose and excrete into the blood 
as a normal liver does during hypoglycemia. 
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Lactic Acip IN GLYCOGEN DISEASE 


SECOND EXPERIMENT 


LACTIC ACID 


Fie: 1. 

Blood sugar and lactic acid on 2 days. The blood lactic acid is nearly 3 times as high on 
the levulose day as on the glucose day. The feedings (F) were the same on both days. Each 
100 ce contained soy bean flour 6 g, soy bean oil 3.2 g, glucose 1.8 g, sucrose 0.9 g, maltose 0.7 g, 
dextrine 1.2 g. Orange Juice (OJ) which contains 12% levulose, was fed on each day. On one 
day 5 g of glucose and on the other 5 g of levulose was offered each hour between the regular 
feedings. After 3 P.M. on the levulose day, glucose was fed because the infant. refused the 
levulose and showed signs of hypoglycemic shock. This accounts for the sharp rise in blood 


sugar at the end of the observation. 


The patients are female infants; one 6 
months, the other 6% months old. Both have 
very large livers. Neither shows any rise in 
blood sugar after the injection of epinephrine. 
Both tend to have very low blood sugar if not 
fed more frequently than a normal infant. 
Both have had convulsions due to hypogly- 
cemia. Simultaneous determinations* of blood 
sugar and lactic acid have been: made 110 
times. .An analysis of the correlation of these 


* All determinations were made on capillary 
blood. The skin was thoroughly washed with 
alcohol, then with ether. The first drop of blood 
was discarded. After precipitation of the proteins 
with tungstic acid,4 sugar was determined on the 
filtrate by Benedict’s5 method and lactie acid by 
the method of Barker and Summerson.6 


individual determinations shows no con- 
sistent relation between the height of the 
blood sugar and that of the lactic acid. When, 
however, these infants are fed soy bean mix- 
ture and corn syrup at the usual 4-hourly 
intervals and also given 30 to 50 cc of a 10% 
glucose solution every hour between feedings, 
the blood sugar stays at normal or slightly 
higher levels and the lactic acid remains at 
between 20 and 50 mg per 100 cc (Fig. 1). If 
levulose is substituted for glucose in the inter- 


4 Peters, J. P., and Van Slyke, D. D., Quantita- 
tative Clinical Chemistry, II. Methods, Baltimore, 
Williams and Wilkins Co., 1932, 461. 

5 Benedict, 8. R., J. Biol. Chem., 1931, 92, 141. 

6 Barker, 8. B., and Summerson, W. H., J. Biol. 
Chem., 1941, 188, 535. 


Toxicity oF MAPHARSEN 


vals between the regular feedings, the blood 
sugar remains much lower but the lactic acid 
reaches and maintains an abnormally high 
concentration. 

In an individual with a normal liver both 
monosaccharides help to maintain the blood 
sugar at a normal level. In glycogen storage 
disease of the liver the two sugars behave 
differently. Absorbed levulose is quickly re- 
moved from the portal blood by the liver and 
stored there as glycogen or fat, but cannot 
be released later as glucose to sustain the 
falling blood sugar. Glucose, on the other 
hand, is removed with difficulty from the 
portal blood by the liver;‘ therefore, during 
the absorption of glucose the blood sugar rises 
to a high concentration and then falls rather 
rapidly, due to the removal of glucose from 
the blood by tissues other than the liver for 
combustion or storage. The only way to raise 
the low blood sugar in the postabsorptive state 
is to feed more glucose. This explains the 
hypoglycemia when the extra sugar fed is 
levulose and the normal or high blood sugar 
when the extra sugar is glucose. It does not 


7 Mason, H. H., and Andersen, D. H., Am. J. Dis. 
Child., 1941, 61, 795. 
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explain the high blood lactic acid after the 
blood sugar has been low for some time, nor 
the much lower blood lactic acid after the 
blood sugar has been normal for a few hours. 


Under the conditions of the test the lactic 
acid content of the blood is only slightly 
more than normal as long as the blood sugar 
is within the normal range, but increases 
several fold when the blood sugar is main- 
tained at an abnormally low level. Neither 
patient shows any of the recognized causes of 
anoxia, nor any of the symptoms that char- 
acterize this condition, nor does either patient 
show any symptoms of hyperadrenalinemia. 


The inference would appear to be that 
prolonged hypoglycemia causes the breakdown 
of liver glycogen in the cases reported as it does 
in the livers of normal individuals. However, 
in von Gierke’s disease the liver is unable to 
dephosphorylate hexosemonophosphate and 
discharge glucose into the blood. Blocked. at 
this point the breakdown takes the alternate 
route, namely, levulose-6-phosphate to levu- 
losediphosphate, etc.* In this case one of the 
end products would be lactic acid. 


8 Cori, C. F., Biol. Symposia, 1941, 5, 131. 
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Effect of -Aminobenzoate and Methyl m-Amino-p-hydroxybenzoate on 
Acute Toxicity of m-Amino-p-hydroxyphenylarsenoxide in Mice. 


LAWRENCE PETERS. (Introduced by A. D. Welch.) 
From the Department of Pharmacology, Medical Research Division, Sharp and Dohme, Inc., 
Glenolden, Pa. 


p-Aminobenzoic acid (PAB) has _ been 
shown by Sandground! to antagonize the 
single-dose fatal toxicity of a number of 
pentavalent organic arsenicals in rats. That 
this antagonism was probably not due alone 
to phenomena dependent on close structural 
similarity was indicated by the fact that 
acetarsone (sodium m-acetylamino-p-hydroxy- 
phenylarsonate) was one of the arsenicals 
antagonized. More recently, and coincidental 
with the completion of the work reported here, 


1 Sandground, J. H), Science, 1943, 97, 73. 


Sandground” reported success in antagonizing 
the toxicity of ‘“‘at least one of the trivalent 
arsenical antisyphilis drugs” with PAB; the 
identity of the compound was not disclosed, 
however. 

The toxic signs observed by Sandground, 
and which were attributable to the pentavalent 
arsonic acids antagonized by PAB, were of 
the neurotropic type characteristic of this class 
of compounds. Since it is clear that some 


2 Sandground, J. H., Proc. Soc. Exp. BioL. AND 
Mep., 1943, 52, 188. 
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reduction to the analogous arsenoxide deriva- 
tives takes place in vivo,® the ability of PAB 
to antagonize the toxicity of the widely used 
antisyphilitic arsenical compound, m-amino- 
p-hydroxyphenylarsenoxide —_ (‘“Mapharsen,” 
Parke, Davis Co.), has been studied. Also, 
the ability of m-amino-p-hydroxybenzoic acid, 
as its methyl ester (“Orthoform,’ Winthrop 
Chemical Co.), to perform a similar role has 
been investigated. 

Procedure. Martin and Thompson* found 
the antagonistic effect of cysteine and ascorbic 
acid to the acutely toxic effects of arsphen- 
amine in mice to be most pronounced when 
the antagonists were administered several 
hours before the arsenical. A similar pro- 
cedure was employed in these experiments in 
order to allow adequate time for the diffusion 
of PAB and methyl m-amino-p-hydroxyben- 
zoate, Orthoform, throughout the tissues. 

White mice of both sexes were used, PAB 
and Orthoform were given in dosés which were 
experimentally demonstrated to be definitely 
sublethal. PAB was given as a solution of 
the sodium salt (pH 6.8 to 7.2) and Ortho- 
form a suspension in 0.1% mucilage of 
tragacanth. Controls given a_ tragacanth 
suspension without drug showed no ill effects 


ToxicITy OF MAPHARSEN 


and the toxicity of Orthoform in this vehicle 
and in olive oil was the same. Tragacanth 
was chosen for convenience of administration. 
The Mapharsen was injected as an aqueous 
solution into the tail vein. 

Results. Deaths began to occur in mice 
within one to 2 hours following an intravenous 
injection of lethal doses of Mapharsen; the 
majority of deaths occurred during the first 
24 hours. No deaths occurred after 72 hours 
although the mice were observed for 10 days. 
The results are shown in Table I. 

The concentration of free PAB in the blood 
of a number of mice was determined by the 
sulfonamide method of Marshall and his co- 
workers,’® using p-toluenesulfonic acid as the 
protein precipitant. 

Discussion of Results. The small difference 
in mortality rates in Experiment 1 and 4 is 
not considered significant. Although larger 
and equal numbers of animals would be 
required fully to substantiate this opinion, no 
antagonism of significance could be repre- 
sented by such a small decrease in mortality. 
Furthermore there was no difference in the 
time of death of mice receiving Mapharsen 
alone and in those receiving Mapharsen plus 
PAB. The data on the concentration of PAB 


TABLE I. 
Acute Toxicity of Mapharsen in Mice, with and without the Previous Administration of PAB 
or Orthoform. 


Interval Deaths in Total 

Mapharsen PAB Orthoform between 24 hours deaths 
Exp. per kg per kg per kg doses No. % No. % 
1 35.0 mg Og Og i: 15/20. 75 16/20 60 
i Te SEDs 0 2 hr 12/19 63 13/19 68 
ae 0 0.5 ip. rele een 10/16 62 12/16 75 
2 ne 0 0 13/17 76 14/17 82 
$4 Ze LED 0 146) 72 12/16 75 13/16 81 
3 32.5 mg 0 0) 13/30 43 16/30 53 
wi 0 0.5 ip ge ae) 20/28 71 25/28 89 
4 35.0 mg 0 0) 15/18 83 15/18 83 
” 1 oral 0 14%, 11/15 73 11/15 73 
5 i 0 0 1/15 73 11/15. 73 
ee Ly lay 0 1 min 12/15 80 12/15 80 


3 Murgatroyd, F., Russell, H., and Yorke, W., 
Ann. Trop. Med. Parasit., 1934, 28, 227. 


4 Martin, G. H., and Thompson, M. R., Exp. Med. 
Surg., 1943, 1, 38. 


5 Bratton, A. C., and Marshall, E. K., Jr., J. Biol. 
Chem., 1939, 128, 537. ; 

6 Marshall, E, K., Jr., Litchfield, J. T., and 
White, H. J., J. Pharm. and Exp. Therap., 1940, 
69, 89. 
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TABLE II. 
Concentration of PAB in the Blood of Mice Following the Administration of Various Dosages 
of PAB. 


Time after 


Dose per kg admin., hr PAB in blood Avg 
1lgi.p. 2 107, 131, 221, 113, 120 138 
2gicp. 1% 446, 453, 382, 442, 431 
1g oral 1% 127,125, 121, 110, 159 128 


in the blood (Table II) indicate that a high 
concentration of PAB was present when the 
arsenical was injected. Even larger doses of 
PAB have been injected intraperitoneally 
(3g/kg), but also without the production of 
significant antagonism of Mapharsen tox- 
icity; at this dosage level PAB caused occa- 
sional delayed deaths and higher doses could 
not be employed. 


The data presented. in Table I indicate that 
Orthoform exerts no protective action against 
Mapharsen toxicity. An explanation for the 
higher mortality rate with Orthoform in one 
experiment is not apparent. When Ortho- 
form was given intravenously as a solution of 
the hydrochloride (pH 2.8) (175 mg/kg), 


prior to Mapharsen, 10 of 21 mice died (48%), 
while 15 of 26 (54%) which received dilute 
hydrochloric acid of the same pH, prior to 
Mapharsen, died without a significant differ- 
ence in the survival time of the 2 groups. 

Summary. No significant reduction in the 
acutely fatal toxicity of m-amino-p-hydroxy- 
phenylarsenoxide (Mapharsen) in mice was 
produced by the prior administration of 
sodium p-aminobenzoate or the methyl] ester 
of m-amino-p-hydroxybenzoic acid (Ortho- 
form) under the conditions employed. 


Grateful acknowledgment is made to Miss Helen 
Morrison for technical assistance, and to Miss 
Ethol Shiels and Miss Elizabeth Patch for the 
determination of PAB concentrations in blood. 
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Treatment of Experimental Renal Hypertension With Vitamin A 
Concentrates.* 


G. E. WAKERLIN AND W. G. Moss. 
From the Department of Physiology, Chicago Colleges of the University of Illinois. 


Subsequent to Govea-Pefa and Villa- 
verde’s'” favorable results in the treatment of 
essential hypertension in man with large doses 
of vitamin A orally, we obtained significant 
reductions in the blood pressures of renal 
hypertensive dogs with a vitamin A concen- 
trate.’ In our preliminary report, however, 


* Aided by a grant from the Winthrop Chemical 
Company, New York City. 

1 Govea-Pena, J. and Villaverde, M., Rev. Cubana 
Cardiol., 1940, 2, 332. 

2 Villaverde, M., and Govea-Pefia, J., Bol. de la 
Aso. Med. de P. R., 1941, 38, 238. 

$ Wakerlin, G. E., Moss, W. G., and Smith, E. L., 
Science, 1942, 96, 161. 


we indicated our intention of investigating the 
possibility that the observed therapeutic ef- 
fect of the concentrate was due to some un- 
known constituent of the concentrate other 
than vitamin A. We now report our results 
to date with vitamin A concentrates in ex- 
perimental renal hypertension. 

Methods. Seven dogs were rendered hyper- 
tensive by the Goldblatt technique and the 
resulting hypertension was permitted to sta- 
bilize over a period of 5 to 8 months. Mean 
blood pressure readings were obtained by 
puncture of a femoral artery 2 to 3 times a 
week. Studies on the blood urea nitrogen, 
urinalyses, and determinations of body 
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weight were made at monthly or bi-monthly 
intervals. Three dogs were treated daily 
with 200,000 units of Lot 1 of a vitamin A 
concentratet dissolved in 1 cc of sesame oil 
by mouth for 3 months, followed by 400,000 
units of the concentrate in 2 cc of sesame oil 
for an additional 3 months. These dogs have 
been observed for 6 to 9 months since treat- 
ment was stopped. One dog was given a 
daily dose of 400,000 units of a highly puri- 
fied vitamin A alcohol in 2 cc of sesame oil 
orally for 3% months, and after a rest period 
of 2 months, 400,000 units of Lot 2 of the 
vitamin A concentrate in sesame oil daily for 
1% months, followed by the same dosage of 
Lot 3 of the concentrate in fish liver oil for 
1% months. One dog received 2 cc of Lot 4 
of the concentrate in fish liver oil subsequent 
to heat inactivation of the vitamin A in the 
presence of oxygen, daily by mouth for 3% 
months, followed by a rest period of 2 months 
and then by 400,000 units of Lot 2 of the con- 
centrate for 114 months and the same dosage 
of Lot 3 of the concentrate for 14% months. 
The remaining 2 dogs were given oral daily 
doses of 1 cc of sesame oil for 3 months, fol- 
lowed by 2 cc of sesame oil for another 3 
months. One of these 2 animals has been ob- 
served for 7 months subsequent to sesame oil 
administration. The other, after a rest period 
of 4 months, received 400,000 units daily of 


Lot 2 of the concentrate for 14% months and. 


the same dosage of Lot 3 for 144 months. 


In addition to the therapeutic experiments 
and in view of the prophylactic effect of cer- 
tain renal extracts in experimental renal 
hypertension,*> 6 dogs were given 400,000 
units of Lot 2 of the vitamin A concentrate 
daily by mouth for 3 months before and 3 
months after constriction of the renal arteries 
in order to test the possible prophylactic ef- 
fect of the concentrate. Five control dogs 


+ The vitamin A concentrates and other prepara- 
tions studied were supplied through the courtesy 
‘ of the Department of Medical Research, Winthrop 
Chemical Company, New York City. 

4 Wakerlin, G. E., Johnson, C. A., Smith, HE. L., 
Moss, W. G., and Weir, J. R., Am. J. Physiol., 
1942, 137, 515. 

5 Goldblatt, H., J. A. M. A., 1943, 122, 136. 
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were given oral daily doses of 2 cc of sesame 
oil for 3 months before and 3 months after 
constriction of the renal arteries. Otherwise 
these animals were subjected to the same ob- 
servations as the dogs on the therapeutic ex- 
periments. 

Blood serum vitamin A and carotene de- 
terminations were made on the dogs at in- 
tervals of 2 to 4 weeks by the Carr-Price 
method as modified by McCoord and Luce- 
Clausen.® 

Results. I. Therapeutic Experiments. 
Striking reductions in blood pressure were ob- 
served in each of the 3 dogs given Lot 1 of the 
vitamin A concentrate. The results for one 
of the dogs which are typical for the other 2 
animals are illustrated in Fig. 1. The blood 
pressures of this dog were reduced from a 
hypertensive range of 190-210 mm Hg. to 
the preconstriction normotensive level of 130- 
140 mm Hg. Since treatment was stopped 6 
months ago, the blood pressures have shown 
a gradual increase to 160-180 mm Hg. In 
each dog there was a significant decrease in 
blood pressure during the third and fourth 
weeks of treatment with a more gradual fall 
during the following 5 months of therapy. 

The dog given the purified vitamin A and 
later Lots 2 and 3 of the concentrate showed 
no significant change in its hypertensive level 
during or subsequent to treatment. This was 
likewise true for the dog receiving the heat- 
inactivated vitamin A concentrate and later 
Lots 2 and 3, and also for the 2 dogs given 
sesame oil, including the one subsequently 
given Lots 2 and 3 of the concentrate. 

Il. Prophylactic Experiments. Three of the 
vitamin A concentrate dogs and 2 of the 
sesame oil dogs developed typical experimental 
hypertension following moderate constriction 
of the renal arteries. The remaining 3 con- 
centrate dogs and 3 sesame oil dogs developed 
malignant hypertension terminating fatally in 
one week or less subsequent to severe constric- 
tion of the renal arteries. 

III. Vitamin A Determinations. Serum 
vitamin A determinations on the dogs not re- 
ceiving vitamin A showed values of 25-270 


6 McCoord, A. B., and Luce-Clausen, E. M., 
J. Nutrition, 1934, 7,)557. 
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y/100 cc. During vitamin A administration, 
the determinations varied between extremes 
of 250 and 8300 y/100 cc. The variations in 
any single dog, however, were less pronounced. 
During the months following vitamin A ad- 
ministration the serum values have decreased 
but slightly. The carotene values varied from 
O to a trace. 

IV. Absence of Toxic Effects. No toxic ef- 
fects were detected in any of the animals. The 
appetites of the dogs remained excellent, their 
weights constant, and their blood urea nitro- 
gens and urines normal. The two dosages of 
vitamin A used were somewhat less than 1/20 
and 1/10 of the amounts reported toxic for 
rats by some workers’®® but less than 1/100 
and 1/50 of the toxic levels reported by 
others!°11 who contend that the lower values 
of the former investigators are due to im- 
purities. 

Discussion. The group of 3 hypertensive 
dogs treated with Lot 1 of the vitamin A con- 
centrate is admittedly small but the anti- 
hypertensive effect in each animal was strik- 
ing. We have never seen spontaneous blood 
pressure decreases similar to the reductions 


7 Domagk, G., and yon Bobeneck, P., Virch. Arch. 
f. Path. Anat., 1933, 290, 385. 

8 yon Drigalski, W., Klin. Woch., 1933, 12, 308. 

9 Popper, H., and Brenner, 8., J. Nutrition, 1942, 
23, 431. 

10 Vedder, E. B., and Rosenberg, C., J. Nutrition, 
1938, 16, 57. 

11 Ikegaki, I., Ztschr. f. Vitaminforsch., 1938, 
%, 1132. 


observed in these 3 dogs in 100 renal hyper- 
tensive animals during the past 3 years. Nor 
did a number of reputedly antihypertensive 
agents studied by one of us lower the blood 
pressures of renal hypertensive dogs.?” 

Obviously the antihypertensive effect of Lot 
1 of the concentrate was not due to vitamin 
A inasmuch as Lots 2 and 3 and the purified 
vitamin A alcohol were inactive antihyperten- 
sively. Moreover, Katz and his, coworkers 
obtained no antihypertensive effects.in renal 
hypertensive dogs from a different vitamin A 
concentrate! or from Lot 2 of the concentrate 
studied by us.1* Likewise, Geiger?® found no 
significant blood pressure change in one hyper- 
tensive dog given still another type of vita- 
min A concentrate. Inasmuch as Lot 4 of the 
concentrate was not tested for antihyperten- 
sive activity prior to heating, no conclusions 
can be drawn from the negative results with 
the heat-inactivated vitamin A concentrate. 
Before we determined that Lots 2 and 3 were 
without antihypertensive effect, we had in- 
terpreted this result as suggesting that the 
antihypertensive activity of Lot 1 would be 
destroyed by heating in the presence of 
oxygen. 

Since Lot 2 of the concentrate subsequently 
proved to be without therapeutic antihyper- 
tensive effect, its failure to have any prophy- 


12 Wakerlin, G. E., and Gaines, W., Am. J. 
Physiol., 1940, 130, 568. 

13 Katz, L. N., J. A. M. A., 1943, 122, 60. 

14 Katz, L. N., personal communication. 

15 Geiger, E., personal communication. 
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lactic effect is not surprising. 

At present we have no explanation for the 
marked difference in the results obtained with 
Lot 1 and Lots 2 and 3 which presumably 
were prepared by the same method. Possibly 
some unrecognized variation in the method of 
preparation led to the production of the un- 
known antihypertensive constituent in Lot 1. 
Unfortunately further studies with Lot 1 can 
not be conducted since the supply is ex- 
hausted. 

The relationship of the antihypertensive 
substance in Lot 1 to that reported by Groll- 
man and Harrison!® in fish liver oils is, of 
course, problematical. The vitamin A con- 
centrate which they reported as showing some 
therapeutic effect in hypertensive rats was the 
same as Lot 2 which proved inactive in our 
hypertensive dogs. 

We are of the opinion that an exhaustive 
search for the antihypertensive agent of Lot 1 
is well-warranted, since it was effective by 
mouth and apparently in small amounts. 

This report should discourage the use of 
vitamin A concentrates in the treatment of 
human hypertension, unfortunately stimulated 
by our preliminary report. 


16 Grollman, A., and Harrison, T. R., Proc. Soc. 
Exe. Bion. AND Mep., 1943, 52, 162. 
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Conclusions. 1, One lot of a vitamin A con- 
centrate dissolved in sesame oil produced 
striking reductions in the blood pressures of 
renal hypertensive dogs when administered by 
mouth in a dosage of 200,000 units daily for 
3 months followed by 400,000 units daily for 
3 months. 

2. Second and third lots of the concentrate 
dissolved in sesame oil and fish liver oil re- 
spectively, a purified vitamin A alcohol in 
sesame oil, and a fourth lot of the concentrate 
dissolved in fish liver oil and subjected to heat 
inactivation of the vitamin A, as well as 
sesame oil, were all without antihypertensive 
effect. Likewise the second lot of the concen- 
trate showed no prophylactic effect in experi- 
mental renal hypertension. 

3. No toxic effects were observed 
dogs. 

4. Obviously the antihypertensive effect of 
the first lot of the concentrate was not due 
to vitamin A but to some unknown constituent 
not present in the second and third lots. 

5. Since this antihypertensive substance 
was effective by mouth and apparently in 
small amounts, further work leading to its re- 
production and identification is highly desira- 
ble. 


in the 
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Supra-Diaphragmatic Section of the Vagus Nerves in Treatment of 
Duodenal Ulcer.* 


LesTER R. DRAGSTEDT AND FREDERICK M. OWENS, JR. 


From the Department of Surgery, University of Chicago. 


Much of the experimental work on the 
pathogenesis of gastroduodenal ulcer that has 
appeared in recent years is in harmony with 
the concept that the cause of these ulcers is 
the corrosive action of the gastric juice. It 
has been adequately demonstrated that pure 
gastric juice can destroy and digest living tis- 


* This work has been aided by a grant from the 
Douglas Smjth Foundation for Medical Research 
of the University of Chicago. 


sues including the wall of the stomach itself, 
producing in this case a defect which appears 
to be identical with the lesion encountered in 
man.' Under normal conditions, the gastric 
wall is not digested away apparently because 
it is not exposed to pure gastric juice. Food, 
which in the normal individual is the stimulus 
for the formation of gastric juice, is also the 
chief factor which protects the tissues against 


1Dragstedt, L. R., Arch. Surg., 1942, 44, 438. 
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its corrosive activity. Pancreatic juice, gas- 
tric and intestinal mucus, duodenal juice and 
bile (probably in the order named) constitute 
an additional mechanism which protects the 
duodenal and, to a certain extent, also the 
gastric and the jejunal mucosa. When exces- 
sive volumes of normal gastric juice are con- 
tinuously secreted in experimental animals, 
this defensive neutralizing mechanism is over- 
come, and ulcer is produced. Wangensteen 
and his associates” have produced ulcers in 
many experimental animals by the implanta- 
tion of pellets of histamine mixed with bees- 
wax into the muscles or beneath the skin. 
The gradual liberation of histamine provoked 
a long continued secretion of gastric juice. 
Most ulcer patients display an excessive secre- 
tion of gastric juice in response to the stimu- 
lus of food, histamine, or alcohol. A consid- 
erable number secrete large amounts of gas- 
tric juice when there is no obvious stimulant, 
as at night when the stomach has been previ- 
ously emptied of food by lavage. The cause 
of this abnormal secretion is unknown. Pre- 
sumably it might be due to the continuous 
formation of histamine-like substances in the 
body or to the constant excessive activity of 
the gastric secretory fibers in the vagus nerves. 
It was to secure information on this latter pos- 
sibility that the present work was done. 

Supra-diaphragmatic section of the vagus 
nerves was performed on 2' patients with 
duodenal ulcer. The left side of the chest 
was opened after removing the eighth rib. The 
lower esophagus was mobilized for a distance 
of about 10 cm. Vagus fibers were readily 
identified, separated from the esophagus by 
blunt finger dissection and collected in two 
main bundles. Segments of these nerves, 3 
to 4 cm in length were excised, the ends 
ligated, and the pleura closed. The chest was 
closed without drainage. 

The first patient was a male, age 51, who 
was first seen in December, 1938. He had 
been operated upon for perforated duodenal 
ulcer in 1930. He remained well until 1938, 
when he again developed epigastric distress, 


2 Walpole, S. H., Varco, R. L., Code, C. F., and 
Wangensteen, O. H., Proc. Soc. Exp. Bion. AnD 
Mep., 1940, 44, 619. 
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relieved by food and alkalies. X-rays showed 
a crater in the duodenum and blood appeared 
in the stools Medical management was car- 
ried out with partial success until December, 
1942, when the symptoms again recurred. At 
this time he was found to secrete large vol- 
umes of highly acid gastric juice at night. A 
small rubber tube was introduced through 
the nose into the stomach. At 9:00 P.M. the 
stomach was emptied and continuous suction 
maintained to collect the gastric secretion for 
the following 12 hours. Sleep was not in- 
terfered with. Aspirations were carried out 
13 times usually with a rest period of one or 
2 days between tests. An average of 1160 cc 
of gastric juice was obtained, the minimum 
being 800 and the maximum 1600 cc. The pH 
of the juice varied between 1.19 and 2.98 with 
most of the samples between 1.45 and 1.70. 
Section of the vagus nerves was performed 
January 18, 1943, and following the opera- 
tion aspiration was carried out 9 times. The 
volume of secretion obtained fell to an aver- 
age of 310 cc, the minimum being 162 and 
the maximum 615 cc. The pH varied between 
2.0 and 6.7 with most of the samples be- 
tween 2.36 and 3.20. In April 2 aspirations 
were made yielding 162 and 375 cc with a 
pH of 3.2 and 6.3 respectively. The ulcer 
symptoms have been relieved and no disturb- 
ance in swallowing has appeared. 


The second patient was also a male, age 
forty, who was first seen in March, 1940. A 
non-stenosing duodenal ulcer was diagnosed 
by the symptomatology, x-ray findings, and 
direct visualization of the crater by the gas- 
troscope. A massive hemorrhage occurred in 
June, 1942. In February, 1943, aspiration of 
the 12 hour gastric content at night was car- 
ried out 6 times. The volume of gastric juice 
obtained varied between 990 and 1700 cc with 
an average of 1450 cc. The pH of the secre- 
tion varied between 1.11 and 1.40. Section 
of vagus nerves was done on February 22, 
1943. In March, aspiration of the night secre- 
tion was carried out 6 times, the volume se- 
cured varying between 150 and 750 cc with 
an average of 510 cc. The pH varied between 
1.5 and 3.9. In April, 1943, 3 aspirations 
were made, the amounts secured being 550, 
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35@, and 300 cc and the pH 3.9. This patient 
also has been relieved of his epigastric distress 
and has experienced no difficulty in eating. 
The data obtained from these 2 patients 
indicates that the excessive night secretion of 
gastric juice in ulcer patients is probably 
neurogenic in origin and may be markedly re- 
duced by supra-diaphragmatie section of the 
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vagus nerves. Although both of these pa- 
tients appear to have been benefitted by the 
operation, it is obvious that the period of ob- 
servation is too short and the number of 
patients too small to warrant recommendation 
of this procedure at this time for the treat- 
ment of duodenal ulcer: 
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Evaluation of the Ratio of Aortic Rigidity to Peripheral Resistance. 


H. J. Ratston, O. E. GUTTENTAG, AND Eric OGDEN. 


From the Medical School and College of Dentistry, University of California, San Francisco. 


The expressiveness of pulse rate and blood 
pressure measurements may be enhanced by 
introducing the values obtained into the for- 
mula described below. This formula helps to 
differentiate between the effects which condi- 
tions in different parts of the cardiovascular 
system produce upon the blood pressure by 
offering a number which expresses the ratio of 
aortic rigidity (or capacity) to the peripheral 
resistance. 

Various investigators (most recently 
Apériat) in the field of vascular dynamics 
(comprehensively reviewed by Wezler and 
Boger’) have evaluated the E and W func- 
tions, and the E/W ratio. E is the volume- 
elasticity coefficient and is a measure of the 
rigidity (or capacity) of the aorta and other 
large arteries (windkessel) and W is a measure 
of the peripheral resistance. (These symbols 
are adopted from Wezler and Boger). The 
evaluations of this ratio published hitherto 
have been based on data obtained by technics 
which are not readily available in most labora- 
tories and clinics, as for instance measure- 
ments of cardiac output. It is the purpose of 
this note to point out that the E/W ratio is 
independent of the stroke volume of the heart, 
and that this ratio may be determined from 
heart rate and blood pressure measurements 
alone. 


lApéria, A., Acta Physiologica Scandinavica, 
1941, 2, 64. 

2Wezler, K., and Boger, A., Hrgeb. Physiol., 
1939, 41, 292. 


Development of the Formula. E (volume- 


elasticity coefficient) is defined as 


, where 


AP is the pulse pressure, and AV is the change 
in volume of the windkessel corresponding to 
the given AP. Wezler and Boger have equated 


V 
AV to ee where V,j is the stroke volume of the 


heart. E then becomes 


In absolute 


AP 
YoNe 
dynes 

cm> ~ 
W (peripheral resistance) is defined as 
Ba 
Ven/60 
sure, Vs is the stroke volume as before, and r 
is the heart rate per minute. The denomina- 
tor of the ratio is the second-volume of the 


units, E has. the dimensions 


, where P,, is the mean arterial pres- 


heart. In absolute units, W has the dimen- 
_ dynes * seconds 
sions —————_——, 

cm? 

The ratio E/W therefore is equal to 

AP Pe : : : rvARS 

3 , which simplifies to x 

WV, Ve" /60 30Pm 


It should be noticed that V; cancels out. The 
constant (30) depends upon the use of Wezler 


*The venous pressure theoretically should be 
subtracted from P_ in the numerator of the ratio, 
but ordinarily may be neglected because of its 
small magnitude compared with Ee 
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TABLE I. 


The Effects of Epinephrine upon the Value of E/W. 


(Data from Grollman,3 after Euler and 


Liljestrand.) 


Pulse rate Blood pressure Pulse pressure Meanpressure E/W 


Before injection 60 103/68 35 86 0.82 
After inj. of 0.7 ce 1:1000 
epinephrine subcut. 66 130/64 56 92 1.34 
TABLE II. 


The Effects of Pitressin upon the Value of E/W. 


(Data from Grollman,3 p. 196.) 


Pulse rate Blood pressure Pulse pressure Mean pressure E/W 


Before injection 67 102/70 32 86 0.83 
After inj. of 0.4 ce 

pitressin intramusce. 64 107/81 26 94 0.59 

TABLE III. 
The Effects of Pyrotherapy upon the Value of E/W. 

Time (min) Oral temp. Pulse rate Blood pressure Pulse pressure Meanpressure E/W 

— 36.0 80 162/120 oe Se tale 0.79 

40 36.7 88 168/120 48 144 0.98 

95 36.8 80 166/120 46 143 0.86 

180 38.2 132 170/120 50 145 1.52 

210 39.0 144 190/110 80 150 2.56 


and Bdéger’s estimate of the relationship 
AV 

Vs 

if other estimates are used. E/W has the 
dimensions seconds-', and its value in the 
normal young adult will approximate unity. 

The clinical values of AP and Py in mm 

mercury may be used directly in the formula 
instead of the absolute values in dynes/cm®, 
since E/W contains the ratio of the two pres- 
sures. Thus, in a subject with heart rate of 
70, and arterial blood pressure of 110/70, 
E/W may be computed as follows: 


= 0.5 and will be proportionately altered 


jeae=myOp 
AP = 110 — 70 = 40, 
110+ 70 
pee Or 
2 
Fea by 70°40 
E/W = = 1804: 


The procedure described involves certain 
approximations and assumptions, the validity 
of which seems to be borne out by the observa- 
tion that E/W, thus computed, in a variety 
of states varies in the direction which might 
be expected on the basis of generally accepted 
physiological concepts, as illustrated below. 


3Grollman, A., The Cardiac Output of Man in 
Health and Disease, 1932, 179. 


1. The Effects of Epinephrine. (Table I.) 


The data included measurements of cardiac 
output, which showed a substantial increase 
after the injection of epinephrine. Grollman, 
in commenting on the data, said: “The 
increased cardiac output with the maintenance 
of a constant mean blood pressure must 
obviously indicate a decrease in the peripheral 
resistance. Hence despite its local vasocon- 
stricting effect on arterioles epinephrine ap- 
parently causes vasodilatation when admin- 
istered subcutaneously in man.” The rise in 
the value of E/W fully supports Grollman’s 
inferential reasoning. 


2. The Effects of Pitressin. (Table II.) 


The sharp drop in the value of E/W is con- 
sonant with the known vasoconstricting prop- 
erties of pitressin, 7.e., the peripheral resist- 
ance is increased. 


3. The Effects of Pyrotherapy. (Table III.) 

The subject was a white woman aet. 34, 
suffering from benign hypertension of more 
than two years duration. There were minimal 
fundus changes and negative urine findings. 

The marked increase in the value of E/W 
parallels the vasodilatation caused by the heat 
therapy, with the resultant decrease in per- 
ipheral resistance. 
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TABLE IV.t 
The Change in the Value of E/W with Time Following a Period of Maximal Muscular Exercise. 
Time after 

exercise (min) Pulse rate Blood pressure Pulse pressure Mean pressure E/W 
0.75 140 151/60 91 105 4.04 

1.0 124 149/58 91 103 3.64 

1.75 123 150/59 91 104 3.58 

2.5 100 152/55 97 103 3.14 

3.25 91 141/64 +4. 102 2.29 

4.5 80 130/62 68 96 1.89 

6.0 82 122/68 54 95 1.55 

10.3 83 121/71 50 96 1.44 

13.0 74 119/73 46 96 eS 

16.0 78 LOTS 46 96 1.25 
22.75 80 114/74 40 94 1.16 

31.0 75 118/78 40 98 1:12 
44.75 72 115/74 41 94 1.05 
54.75 42 96 1.08 


117/75 


4. The Effects of Muscular Exercise. (Table 
IV.) 


The subject, a normal young male, climbed 
19 meters of stairs as rapidly as_ possible 
(about 25 seconds). 


The high value of E/W immediately after 
exercise reveals the extremely low peripheral 
resistance, and hence the high degree of per- 
‘ipheral vasodilatation (confirming Ogden and 
Shockt). 


The foregoing cases have all been analyzed 
on the implicit assumption that the value of E 
was not materially changed. It is clear that 
the value of E/W will be dependent on the 
values of both E and W. The exact analysis 


of cardiovascular dynamics requires deter- 


mination of the absolute values of E and W, 


but in many cas2s, as in the above, it may 
reasonably be assumed that one of the varia- 
bles is relatively stable compared with the 
other. 


Summary. 1, A method of computing the 
ratio of aortic rigidity (or capacity) to per- 
ipheral resistance is described, using clinical 
values of heart rate and blood pressure. 2. The 
assumptions implicit in the method are dis- 
cussed. 3. Several types of cardiovascular 
events are analyzed in terms of this ratio. 


+ Compiled from data collected by one of us 
in connection with the Adolescent Study of the 
Institute of Child Welfare, University of Cali- 
The facilities afforded are acknowledged 
Proc. Soc. Exp. Bion. anp Mep., 


fornia. 
with thanks. 
1935, 33, 5. 
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Localized Heat Production in Living Tissue at a Distance.* 


Roya E. GRANT AND RICHARD M. BRICKNER. 


(Introduced by T. J. Putnam.) 


From the Department of Neurology, College of Physicians and Surgeons, Columbia University, 
New York. 


The observations here reported were de- 
signed to test a method for injuring or de- 
stroying specific, localized areas of living 
tissue at a distance. The underlying principle 
of the method was the known heating effect 
upon metal of an electromagnetic field. The 
method consisted of implanting in the target 
areas of cats and rats small pieces of metal 
and then placing the whole animal in an elec- 
tromagnetic field. 

Source of the Electromagnetic Field. The 
source used for developing the electromagnetic 
field consisted of a quenched gap high fre- 
quency generator designed to operate from a 
60 cycle power supply, requiring several kilo- 
watts when operating at maximum output. 

. The field on the high frequency or second- 
ary side of the generator was built up by 
means of a water cooled inductance, wound on 
' a tube of bakelite of a size sufficient to ac- 
commodate the experimental animal and to 
prevent direct contact with any part of the 
winding during treatment. 

In those experiments reported here, the fre- 
quency of the field was fixed at 400,000 cycles 
per second, relatively low compared wiih the 
frequencies used in diathermy. The second- 
ary current, or that creating the field, reached 
values as high as 122 amperes. 

Tests With Various Metals. After some pre- 
liminary experiments had demonstrated the 


* This work was done in connection with other 
studies supported by the Diamond Jubilee Fund 
and the Louis Wiley Memorial Fund. The latter 
was contributed to by Messrs. Ely M. Aaron, 
A. Beller, Walter Case, Mr. and Mrs, Edwin L. 
Coyle, Mrs. G. Richard Davis, Messrs. Leopold 
Demuth, Louis Golde, Edwin Goodman, Arthur 
Lamport, James Marshall, Max Meyer, Edward A. 
Norman, Gilbert Rhodes, Mrs. Jessie Waller and 
Mr. Louis S. Weiss. 

We acknowledge with thanks the assistance of 
Samuel Lowis and Judah Ebin. 


feasibility of the method, tests of 3, metals 
were carried out in order to discover their 
relative suitabilities for this purpose. It was 
found that magnetic iron was better than cold 
rolled steel and that both were very much 
more useful than silver, 

The difference between metallic iron and 
cold rolled steel is illustrated by their rela- 
tive speeds in melting paraffin under the con- 
ditions of the experiment. Plates of metal, 
3 x 3 mm were imbedded in paraffin with a 
melting point of 55°C, so as to be surrounded 
by about 3 mm of paraffin on all sides. The 
blocks of metal-containing paraffin were 
placed in a coil with an internal diameter of 4 
inches. Sixty amperes of current were de- 
livered to the coil. The relative lengths of 
time required to melt the paratfin are shown 
in Table I. 


TABLE LI. 
Melting time, 
Metal see 
Magnetic iron .001 thickness 28 
Hu elt 22 
Cold rolled steel 001 ee 45 


002 7 30 


With the cold rolled steel plates, a tempera- 
ture level of 113°F was reached in 30 sec- 
onds. The temperatures were measured with 
a specially made alcohol (not mercury) 
thermometer. 

Tests With Animals. For experiments on 
the brains of rats, a coil 2.5 inches in internal 
diameter was employed. The rats were 
anesthetized with nembutal. The skull was 
opened, and a piece of magnetic iron wire 
5 mm in length and 1 mm in diameter was in- 
serted into the hemisphere at right angles to 
the surface and so that no wire was visible at 
the surface. The skull and soft tissues were 
then closed. In one experiment 90 amperes 
and in another 100 amperes were delivered for 


158 


20 minutes. In both cases, a core of tissue 
4 mm in diameter was destroyed (Fig. 1). 
Extremely high or moderately high tem- 
peratures could be reached with varying 
speeds, depending upon the size of the coil, 
the amount of current delivered to it and the 
size and type of the metal. One cc of a water 
suspension of granulated iron, inserted by 


LocALIzED HEAT PRopuUCTION LivinG TissuE AT DISTANCE 


rectum into the colon of an ether-anesthetized 
rat with a syringe, for example, burned and 
destroyed the colon and adjacent tissues in 1 
minute. 

Temperatures were measured in a sampling 
manner only. 

These observations are reported in order to 
exemplify a method ~which could have a 


15hiee,. te 


The burned area, bounded by a zone of less severely injured tissue. 


H. and FE. stain. 


PERIPHERAL VESSELS DuRING REGIONAL ANESTHESIA 


variety of possible uses in experimental sur- 
gery, and perhaps even in clinical surgery. It 
might be especially applicable to areas dif- 
ficult to approach, but which can be reached 
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by a needle of wide calibre, through which 
wire, or granulated or perhaps powdered 
metal could be introduced. 
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Influence of Spinal and Regional Anesthesia upon Vasoconstriction and 
Vasodilatation of Small Peripheral Blood Vessels.* 


C. NeuMAnN, E. A. Setters, E. A. RovenstINg, A. E. Coun, ano C. Rute.t 
From the United States Navy Research Unit at the Hospital of the Rockefeller Institute for 
Medical Research, New York, the Royal Canadian Naval Medical Research Unit, the Banting 
and Best Department of Medical Research, Toronto, the Division of Anesthesia, Bellevue Hos- 
pital, New York, and the Hospital of the Rockefeller Institute for Medical Research, New York, 


In the current studies of the development 
of shock during surgical procedures, altera- 
tions in the rhythmical variations in the cali- 
ber of the small peripheral blood vessels of 
the fingers and toes have been noticed after 
spinal anesthesia and anesthetization of the 
stellate ganglion. 

It is well known that spinal anesthesia may 
occasion a fall in blood pressure especially in 
‘the presence of moderate hemorrhage or 
trauma.'?*;+ It is also known that peripheral 
blood vessels dilate when denervated of their 
sympathetic supply.” These two phenomena, 
fall in pressure and dilatation of the vessels, 
are related. What is still unknown is how 
those other small peripheral blood vessels with 


*This is the 12th paper reporting the results 
of studies of the small blood vessels and related 
subjects. 

The Bureau of Medicine and Surgery does not 
necessarily undertake to endorse views or opinions 
which are expressed in this paper. 

+ Fellow of the University of Cincinnati, work- 
ing on a grant from the Josiah Macy, Jr., Founda- 
tion. 

1 Bradshaw, H. H., Ann. Surg., 1936, 104, 41. 

2Co Tui, F., Arch. Surg., 1936, 33, 825. 

3 Seevers, M. H., and Waters, R. M., J. 4. M. A., 
1932, 99, 961. 

4 Smith, H. W., Rovenstine, E. A., Goldring, W., 
Chasis, H., and Ranges, H. A., J. Clin. Inv., 1939, 
18, 319. 

5 Johnson, C. A., Surg. Gynec. and Obstet., 1946, 
70, 31. 


their sympathetic supply still intact partici- 
pate in this result. If the blood pressure and 
the pulse rate were to remain constant, then, 
on the assumption that the cardiac output 
also remains constant, it may be assumed 
that, as one large set of vessels dilates, an- 
other contracts. 

Method. The pneumoplethysmograph of 
Turner,® as modified by Neumann’ was used 
to record the variations in volume of fingers 
and toes simultaneously. Normally, waves 
are inscribed representing constantly occur- 
ring changes in volume. These include the 
pulse waves, synchronous with the cardiac 
beat, and alpha waves* which occur 5 to 7 
times per minute and vary in size up to 10 
times that of the pulse waves. 

Twelve patients free from hypertension 
and from peripheral vascular diseases, ranging 
in age from 24 to 54 years were studied. In 
9, records were made during and after intra- 
thecal injection of procaine hydrochloride or 
monocaine formate (150 mg). Sensory an- 
esthesia as determined by testing sensory 
dermatomes reached the level of the umbilicus 
(T 12). In 3 patients, records were obtained 
before, during and after the injection into one 
stellate ganglion of 10 to 15 cc of 14%4% solu- 
tion of procaine hydrochloride. The clinical 


6 Turner, R. H., J. Clin. Inv., 1937, 16, 777. 

7 Neumann, C., Am. J. Physiol., 1943, 138, 618. 

8 Burch, G. H., Cohn, A. E., and Neumann, C., 
Am. J. Physiol., 1942, 136, 433. 
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signs regularly observed after successful in- 
jection of the stellate ganglion were uniformly 
present. 

The subjects were recumbent and the fingers 
or toes were within 6 inches of the level 
of the heart. None of the patients knew when 
the anesthetic agent was injected. Records 
were obtained in the absence of surgical 
trauma or hemorrhage. 

Observations. Before anesthesia, the 
needles being in place, the tracings were 
normal, the pulse waves being 6 to 7 cu mm} 
and the alpha waves up to 60 cu mm. Two 
minutes afterward, in the case of spinal an- 
esthesia, the pulse waves in the toe became 
progressively larger (up to 15 cu mm) while 
the alpha waves became smaller and almost 
disappeared. Concurrently, in the fingers, the 
size of the pulse waves progressively de- 
creased to one-half or even one-quarter their 
former size, while the size of the alpha waves 
decreased, as in the toes. 

Similar effects were noticed on injection of 
one stellate ganglion. Pulse waves of the ipsi- 
lateral fingers increased and alpha waves de- 
creased, while in the opposite fingers both 
waves, pulse and alpha, decreased to one-half 
or one-quarter the original size. ‘There were 
no marked alterations in blood pressure or 
pulse rate during the period of spinal or re- 


¢ All changes in volume are calculated for finger 
tips or toe tips of 5 ee. : 
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gional anesthesia. 


Such striking changes were not observed 
when occlusive vascular diseases were present 
(3 cases). Cardiac output and volume of vis- 
ceral flow were not measured. 


Comments. These observations indicate 
that when marked dilatation occurs in one 
peripheral vascular bed, owing to paralysis of 
the sympathetic supply, concomitant vasocon- 
striction occurs in certain other remote pe- 
ripheral beds. The mechanism involved seems 
to be one of adjustment, possibly compensa- 
tion, through efferent pathways of the sym- 
pathetic system. Paralysis of these nerves 
permits maximal expansion of the small blood 
vessels (large pulse waves) and interrupts the 
pathway of stimuli necessary for the forma- 
tion of prominent alpha waves; at the same 
time, increased sympathetic outflow to cer- 
tain other vascular fields results in vasocon-. 
striction intense and persistent enough to pro- 
duce small pulse waves continuously and to 
inhibit the relaxation apparently necessary for 
the development of alpha waves. It seems 
that such alterations in the patterns of alpha 
and pulse waves reflect changes in the activity 
of certain sympathetic pathways. The method 
may be useful, then, for clinical studies of the 
effects of numerous physiological stresses, 
such as those preceding shock, upon such 
pathways and upon small peripheral blood 
vessels. 
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Tubular Resorption of Chloride in Essential Arterial Hypertension: Inten- 
sive Study of One Case.* 


E. B: FARNSWORTH AND M. H. Barker. 


(Introduced by A. C. Ivy.) 


From the Department of Medicine, Northwestern University Medical School. 


In a previous study! we have compared a 
group of individuals with essential hyperten- 
sion and a control group of normal subjects, 
with respect to tubular resorption of chlorides. 


* Funds for this study were granted through the 
Alice Cook Guild Memorial Fund, established by 
Kenneth G, Smith. 

1 Farnsworth, E. B., and Barker, M. H., Proc. 
Soc. Exp. Bion. AnD MeEp., 1943, 52, 74. 


In the present study we have taken 2 male 
subjects of comparable age and investigated 
them extensively by the same technique, 
namely chloride excretion considered in terms 
of the urine concentration of inulin divided 
by the plasma concentration, or the U/P inulin 
ratio. 

. Methods. The experimental subject was a 
retired business man, 55 years of age, who 


“p chloride 


2.207 
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Fie. 1. 

Black symbols represent the normal subject; white symbols represent the patient with 
essential arterial hypertension. Symbols containing the same number indicate successive 
clearance period performed on the same day. 

The coefficient of linear correlation for the normal subject is .989 + .0045 with a standard 
error of estimate of .09. 

The coefficient of linear correlation for the hypertensive patient is .894 + .0261 with a 
standard error of estimate of .18. 
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gave a history of hypertension of long stand- 
ing. His complaints were of failing vision, 
disturbed memory and headaches. Urine 
analysis showed no albumin, sugar or cells. 
The erythrocyte count was 4,850,000, the 
hemoglobin 13.0 g. He was without evidence 
of edema. Ophthalmoscopic examination of 
the eye-grounds showed diffuse angiospasm, 
without retinopathy. The blood urea nitro- 
gen, non-protein nitrogen, cholesterol and 
proteins were within normal limits. The 
systolic blood pressure ranged from 200 to 
234, the diastolic from 106 to 134. 

The normal subject was a 53-year old rail- 
road employee who was hospitalized because 
of a fracture. He had no complaints and gave 
no evidence of other pathology. His personal 
and family history was negative for cardio- 
vascular or renal disease. The urine . was 
without albumin, sugar or cells. The erythro- 
cyte count was 5,100,000, the hemoglobin 
15.0 g. The blood pressure was 140/84. 

These 2 individuals were studied by a 
method consisting of concomitant clearances 
of inulin, diodrast, and chloride. The U/P 
chloride was plotted against the U/P inulin. 
Both subjects were on the standard ward diet 
and received similar preparation. As in the 
previous study, the blood was taken under oil, 
and estimations were made on serum and 
quoted in terms of sodium chloride. Analysis 
of chloride concentration was carried out by 
the method of Sendroy.2 Determinations on 
inulin were made by the method of Corcoran 
and Page.* Clearance periods ranged from 15 
to 30 minutes in length. The normal subject 
is represented by a total of 24 periods, the 


2Sendroy, J., J. Biol. Chem., 1937, 120, 2. 
3 Corcoran, A. C., and Page, I. H., J. Biol. Chem., 
1939, 127, 601. 


jects 
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hypertensive subject by 27. 

Results. Multiple tests of these 2 individ- 
uals corroborated our experience in the group 
study previously undertaken. The hyperten- 
sive subject was found to reabsorb substan- 
tially less chloride than did the normal sub- 


Discussion. The significance of this devia- 
tion of the hypertensive kidney from the nor- 
mal is far from clear. In order to determine 
whether or not the phenomenon was specific 
to chloride, we ran simultaneous tests on 
phosphate and subjected them to similar an- 
alysis. It was found that phosphate excre- 
tion in the hypertensive subject showed only 
an insignificant and irregular increase over the 
normal. This fact seems to suggest that 
chloride resorption is affected by certain fac- 
tors which do not govern the fate of other 
metabolites similarly filtered.t 

The average clearances of the 2 subjects are 
given in the accompanying table. 
TABLE T. 


Hypertension (C.V.) Normal (C.P.) 


Tnulin 58 ec/min 79 ce/min 
Diodrast 249 430 
Chloride ee 1.2 
Phosphate 16.3 12.3 


Conclusions. Repeated clearance periods 
taken on an individual with essential arterial 
hypertension and compared with those taken 
on a normal subject demonstrated that there 
was substantially less reabsorption of chloride 
in the hypertensive individual. This dimin- 
ished resorption of chloride in the tubules of - 
the hypertensive subject, at all rates of water 
resorption, is offered as evidence suggestive of 
a specific modification of chloride treatment 
in essential arterial hypertension. 


4 Walker, A. M., J. Biol. Chem., 1933, 101, 239. 
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Effect of Striated Muscle Paralysis Induced with Erythroidine upon the 
Electroencephalogram (E. E. G.) 


EDWARD GIRDEN.* 
From the Psychological Laboratory, Brooklyn College.t 


In a series of previous studies, an analysis 
was made of the psychosomatic relations dur- 
ing the development of conditioned reflexes in 
curarized and erythroidinized mammals.1* It 
was shown that there was a central as well as 
a peripheral effect, the electrical and extirpa- 
tion datal?* indicating that the former con- 
sists of a depression of synaptic transmission 
in the cerebral cortex. A recent investigation 
by Feitelberg and Pick suggests that the cor- 
tical cell metabolism, as measured by the elec- 
troencephalogram, also suffers functional in- 
activity since the E. E. G. is completely abol- 
ished in the curarized frog.8 The present 
study is concerned with a test of the same 
question in mammals. 

The E. E. G. was recorded in a shielded 
room on an ink-writer activated by a single 
high-gain channel amplifier (approximate 
range was 1-40 cycles, sensitivity that of 0.4 
mm/my). Operative preliminaries, implant- 
ing of electrode (when pickup was desired in 


* Fellow of the John Simon Guggenheim Memo- 
rial Foundation, 1941-42. Special aid from the 
Penrose Fund of the American Philosophical 
Society is gratefully acknowledged. The ery- 
throidine was generously supplied by Merck & 
Company, Rahway, New Jersey. 

+ Communication No. 51 from the Physiological 
Psychology Laboratory, University of Rochester, 
maintained by aid of the Research Council, Amer- 
ican Otological Society. 

1Girden, E., and Culler, E., J. Comp. Psychol., 
1937, 23, 261. 

2 Culler, E., Coakley, J. D., Shurrager, P. S., and 
Ades, H. W., Am. J. Psychol., 1939, 52, 266. 

3 Girden, E., Am. J. Psychol., 1940, 53, 397. 

4Girden, H., Fed. Proc. Am. Soc. Exp. Biol., 
1942, 1, 30; J. Exp. Psychol., 1942, 31, 105. 

5 Girden, E., J. Exp. Psychot., 1942, 31, 219. 

6 Girden, E., J. Hxp. Psychol., 1942, 31, 322. 

7 Girden, E., Am. J. Psychol., 1943, 56, 1. 

8 Feitelberg, S., and Pick, E. P., Proc. Soc. Exp. 
Bion. AND Mzp., 1942, 49, 654. 


the normal before drug-injection), exposure of 
cortex, cannulation (in monkeys), all were per- 
formed under ether anesthesia. Breathing in 
the drugged animal was maintained by a 
Harvard respirator. The drug consisted of a 
1% or 2% water-solution of dihydro B ery- 
throidine hydrobromide. 

Dosage for 10 dogs (intravenous injection) 
is presented in Table I. Incidental observa- 
tions obtained from several other dogs, con- 
forming with the data reported below, are 
excluded only because they lacked complete- 
ness. Two Macacus rhesus monkeys (1.0 and 
1.5 kilos respectively), each subjected to a 
total dosage of 125 mg (intraperitoneal injec- 
tion), were also studied. A great number of 
tests were made with visual and acoustic 
stimuli and in relation to the nature of the 
pickup from different cortical areas. In gen- 
eral, in an animal weighing from 2 to 4 kilos, 
complete recovery would not occur until 1 to 
1% hours after a single injection of 20 to 60 
mg erythroidine, and a single dose of 100, mg 


TABLE I. 
Dosage of Erythroidine. 
(1) (I) (iT) dV) (V) 
Animal Wtin Initial Total Duration 
No. kilos doses dosage inmin 
R-51 4.0 20, 70 290 (2) 140 
R-52 9.0 10, 30 250 (2) 100 
R-54 9.0 20, 20 140 (1) 132 
R-55 7.0 50 350 (3) 68 
R-56 2.0 10, 30, 60 100 32 
R-5 2.0 60 160 (1) 40 
R-58 4.0 60 60 84 
R-59 2.0 10, 20, 10 100 95 
R-60 3.2 5, 30 355 (3) 163 
R-61 2.5 60, 80 240 (1) 52 


Dosage is given in mg; in (IIL) the initial injec- 
tions are given separately, in (IV) the total dosage 
is given and the number in parenthesis indicates 
the number of single injections each of 100 mg. 
Thus in dog R-51, the first two spaced doses were 
20 mg and 70 mg respectively; later 2 subsequent 
injections of 100 mg each were made (total dosage 
290 mg). The duration of the experiment (V) 
was counted from the time of the first injection 
until the animal was dispatched. 
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would insure complete paralysis from 2 to 4 
hours. As shown in Table I, the total dosage 
in many cases far exceeded the latter value. 
Greater reliance was obtained with functional 
criteria, and all stages were tested, from no 
observable change to complete striated muscle 
paralysis. 

In general the E. E. G. in the drugged ani- 
mal conformed to that recorded in the normal 
condition. There was some evidence that the 
magnitude of the pick-up in certain cases was 
reduced after the animal was erythroidinized, 
but the wave-form remained undisturbed. A 
series of supplementary doses, introduced sub- 
sequently, each one sufficient to produce com- 
plete muscular paralysis, likewise failed to 
disturb the E. E. G. On occasion, the E. E. G. 
was permanently distorted following the injec- 
tion of a single massive dose (sufficient to pro- 
duce complete paralysis for more than 4 to 6 
hours). This effect was probably due to dis- 
turbed metabolism (reduction in the amount 
of available oxygen) since the blood pressure 
falls, temporarily, following the injection of 
even moderate dosage of the drug.’ When 
artificial respiration was eliminated, the 
E. E. G. disappeared, to reappear undistorted, 
or permanently impaired, depending upon the 
length of the unrespirated interval. ‘Chis 
effect, however, was not due to the direct ac- 
tion of the drug upon the cortex, but rather 
the indirect consequence of the lack of oxygen 
required to sustain normal cortical metabo- 
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lism. Unlike the mammal, the curarized frog 
survives without tracheal insufflation due to 
the presence of the accessory skin respiratory 
mechanism. The disappearance of the 
E. E. G. in the curarized frog therefore, is 
more likely produced by the reduction in 
available oxygen rather than the direct effect 
of curare upon the cortex, as maintained by 
Feitelberg and Pick.® 

Libet et al. have also reported the persist- 
ence of the cortical activity in curarized dogs 
subjected to metrazol.2 No extended tests 
were made by these investigators with curare 
alone, and the metrazol disturbed the E. E. G. 
considerably. Their results, however, are in 
agreement with the present data in that the 
E. E. G. did not disappear following curariza- 
tion, or, for that matter, after the metrazol 
took effect. 

Summary. So long as proper artificial 
respiration is given, normal cortical activity, 
as measured by the E. E. G., persists undis- 
turbed in both the dog and the monkey during 
complete striated muscular paralysis induced 
with erythroidine. The difference in results 
reported here with mammals and that previ- 
ously reported by other workers in the frog 
(complete elimination of the E. E. G.) is in- 
terpreted to be due to a reduction in the avail- 
able oxygen necessary for normal cortical 
metabolism in the latter organism. 


9 Libet, B., Fazekas, J. F., and Himwich, H. E., 
Am. J. Psychiat., 1940, 97, 366. 
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Some New Choline Esters with Cycloplegic and Mydriatic Action.* 


KENNETH C. SWAN AND NorMAN G. WHITE. 


(Introduced by E. G. Gross.) 


From the Department of Ophthalmology, College of Medicine, State University of Iowa, Iowa 


City, Iowa. 


Choline derivatives such as acetylcholine 
and carbamylcholine (doryl) produce con- 
striction of the pupil and contraction of the 
ciliary muscle. The halide salts of these com- 


e * Part of a study being conducted under a grant 
from the John and Mary R. Markle Foundation. 


pounds have little effect on the surface ten- 
sion of water, 7.e., they are relatively surface- 
inactive; as surface activity has a profound 
influence on many biologic phenomena, it was 
believed choline derivatives which were sur- 
face-active might have an enhanced or even 
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TABLE I 
Surface -active Carbamylcholine Derivatives 


0 


(Hs) (CH,),0-C-N-(C4H9), 


| 


fe) 
(CHs),M1-(CH2),-O-C-1-(C4 Ho), ‘$04 
2 


fe) 
(Cis) (He) 06 11-(C5 Mu), 


cig (cis) ,.0°6-0- (<a, 


different pharmacological effect. Investiga- 
tion of this possibility necessitated synthesis 
of new compounds in which highly hydrophilic 
choline salts were combined by an ester link- 
age with highly hydrophobic groups. The re- 
sultant elongated raolecules would be pre- 
dominantly hydrophilic at the choline end and 
predominantly hydrophobic at the opposite 
end. Molecules with this structure would be 
surface-active. 

The first series of surface-active choline 
esters have been synthesized (Table 1). The 
—NHz, radical of carbamylcholine was replaced 
by water insoluble amines. Five to 10% solu- 
tions of the chloride salts of these drugs have 
a water-air interfacial tension of less than 50 
dynes per cm at 25°C. In the albino rabbit, 
mydriasis develops promptly after a single in- 
stillation of each of these solutions into the 
conjunctival sac. The mydriasis results from 
paresis of the iris sphincter for the drugs pro- 
duce no pupillary changes in eyes in which 
the iris sphincter has been removed surgically. 


Di-n-butyl-carbamylcholine chloride 
and ‘ 
Di-iso-butyl-carbamylcholine chloride 


Di-n-outyl- carbamylcholine 
Sulphate” . 


Di-n-amy)|-carbamylcholine chloride 


Di-phenyl -carbamylcholine chloride 


In the human eye, mydriasis is accompanied 
by cycloplegia. The action of the new drugs, 
therefore, resembles that of atropine and is 
opposite to that of carbamylcholine and 
acetylcholine. 

Substitution of etliyl for the methyl radicals 
of the quaternary ammonium group increases 
the mydriatic action of these new drugs, but 
decreases the cycloplegic properties. Replace- 
ment of the methyl by propyl and butyl radi- 
cals reduces the intensity of both mydriatic 
and cycloplegic effects. 

Branched chain ,compounds, e.g., di-iso- 
butyl carbamylcholine, are pharmacologically 
less active than the corresponding straight 
chain isomers. 

The members of the beta-methyl carbamyl- 
choline series (Table II) have the same quali- 
tative effects on the eye as the corresponding 
carbamylcholine compounds. 

The aromatic derivatives, e.g., diphenyl- 
carbamylcholine chloride, have less mydriatic 
and cycloplegic properties than corresponding 
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TABLES Jt 
6-methyl-carbamylcholine Derivatives 


CH; 


Oo 


(x)5:n-cHg GH O-E-n-(y), 


Cl 


x= Methyl, Ethyl, Propyl radicals 
y= Butyl, Amyl, Phenyl radicals 


di-n-butyl compounds, particularly in the 
human eye. 

Instillations of 7.5% aqueous solutions of 
di-n-butyl carbamylcholine chloride were 
made into the conjunctival sacs of rabbits sev- 
eral times daily for 4 weeks. No evidence 
of injury to the intraocular tissues was noted 
by either histologic methods or by ophthal- 
moscopy and slit lamp biomicroscopy. A 
transient, superficial, punctate disturbance of 
the corneal epithelium frequently followed 
instillations of more concentrated solutions. A 
similar disturbance was noted in the human 
eye. 

Systemic pharmacology and toxicology of 
the new compounds are to be studied by one 
of ust in partial fulfillment of requirements 
for a doctorate degree, and will be reported 
separately; however, no systemic effects have 
been noted following instillations into the con- 
junctival sac of adult patients. 

The only clinical application of the new 
drugs has been in routine intraocular examina- 
tion and cycloplegic refraction. For this pur- 
pose, di-n-butyl-carbamylcholine sulfate has 
been the most satisfactory. Two instillations 
of a 7.5% solution into the conjunctival sac 
produce mydriasis and cycloplegia beginning 
within 20 minutes and becoming maximal in 


+ N. G. White. 


60 to 90 minutes. The reactions of the intra- 
ocular muscles usually return to normal 7 to 
12 hours after administration. The duration 
of action is, therefore, relatively short. In this 
respect, di-n-butyl-carbamylcholine resembles 
homatropine rather than atropine. 


A comparative study of di-n-butyl-car- 
bamylcholine sulfate and homatropine was 
made on 400 patients. Each patient received 
2 instillations of 5% homatropine hydro- 
bromide in one eye and 2 instillations of a 
7.5% solution of the new drug in the other. 
There was little difference in the degree of 
mydriasis and cycloplegia produced by the 
two drugs; however, cycloplegia and par- 
ticularly mydriasis was less prolonged follow- 
ing di-n-butyl-carbamylcholine. 

Only the most promising members of the 
new class of drugs have been investigated. 
Synthesis and pharmacologic investigation of 
surface-active choline esters other than the 
carbamate series are being continued. 


Summary. A new class of choline esters 
with mydriatic and cycloplegic properties is 
reported. For routine examinations, di-n- 
butyl-carbamylcholine sulfate produces cyclo- 
plegia and mydriasis comparable in degree to 
that produced by homatropine; however, the 
new compound has the advantage of produc- 
ing a shorter period of visual disability. 
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Heredity of Variants of the Rh Type.* 


A. S. WIENER AND KARL LANDSTEINER. 


From the Office of the Chief Medical Examiner and the Rockefeller Institute for Medical 
Research of New York City. 


By immunizing animals with the blood of 
rhesus monkeys, Landsteiner and Wiener! ob- 
tained antisera which agglutinated approxi- 
mately 85% of human bloods from white in- 
dividuals in New York City, independently of 
the blood groups and other known agglu- 
tinogens. The agglutinable property in hu- 
man blood responsible for the reaction was 
designated as Rh. Subsequently sera giving 
parallel reactions were obtained from patients 
who had had hemolytic reactions to blood 
transfusions of a homologous group” and from 
mothers of erythroblastotic babies.*? Among 


the human sera two varieties were found, one 
of which, the more common, gave about 3% 
more positive reactions.* 

Furthermore, some human anti-Rh sera 
were encountered which agglutinated only 
about 70% of human bloods,® that is, only 
about five-sixths of the Rh positive bloods, so 
that a major subdivision within the Rh posi- 
tive type was demonstrated. Human sera of 
this type are rather uncommon. 

In place of the nomenclature suggested by 
one of the writers,® the following less compli- 
cated designations are now suggested (cf. 


TABLE TI. 


Designation Approximate 


Classification of the Subtypes of Rh. 


Reactions of various bloods among white 
individuals (New York City) 


RIT Tee ——— 
Anti-Rh of agglutinin % positive About About About About 
serum in serum reactions 70% 3% 14% 13% 
ae ; } 
it Anti-Rh 84 Pos. Neg. Pos. Neg. 
2.t Anti-Rh, ie a Pos. Neg. a 
3. Anti-Rh/ 87 de! ve) Pos. a 
— \— =?) 
Designation of types Rh positive Rh negative 
—— SSE aN ~\— A 
Designation of main subtypes Rh, Rhy 
U—_,-—-Y 
Rh’ 


* Landsteiner, K., and Wiener, A. S., Proc. Soc. Exp. Bron. AND Mep., 1940, 42, 223. 
+ Wiener, A. S., Arch. Path., 1941, 32, 227; Landsteiner, K., and Wiener, A. S., J. Hap. 


Med., 1941, 74, 309. 


¢t Wiener, A. S., Arch. Path., 1941, 32, 227; Levine, P., Burnham, L., Katzin, E. M., and 


Vogel, P., Am. J. Obst. and Gyn., 1941, 42, 925. 


* One of the authors (A. S. W.) was aided by a 
grant from the Carnegie Corporation and the Com- 
mittee on Human Heredity of the National Re- 
search Council. 

1 Landsteiner, K., and Wiener, A. S., Proc. Soo. 
Exp. Bron. anp Mep., 1940, 42, 223. 

2 Wiener, A. S., and Peters, H. R., Ann. Int. 
Med., 1940, 18, 2306. 

3 Levine, P., Burnham, L., Katzin, E. M., and 
Vogel, P., Am. J. Obst. and Gyn., 1941, 42, 925. 

4 The immune anti-rhesus sera from guinea pigs 
correspond to the human antisera giving about 84% 


positive reactions with bloods from N. Y. white 
individuals, as will be shown in a separate publica- 
tion (Landsteiner, K., and Wiener, A. S8., in 
preparation). However, it may be noted that these 
human séra are apparently not entirely identical in 
their reactions. 


5 Wiener, A. S., Arch. Path., 1941, 32, 227; 
Landsteiner, K., and Wiener, A. 8., J. Hup. Med., 
1941, 74, 309. 


6 Wiener, A. S., Blood Groups and Transfusion, 
p. 254, C. C. Thomas, Springfield, Ill., 1943. 
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Table 1). When a distinction between the 
various subtypes of Rh is desired, the great 
majority of bloods, namely, those which re- 
act also with serum No. 2 of the table, are 
designated as Rhy. Of these, a small per- 
centage fail to react with guinea-pig antisera 
or human sera listed as No. 1 and are desig- 
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nated as Rh.’ Those bloods which do not 
react with sera anti-Rh; (No. 2) are called 
Rhy. The agglutinins are named so as to cor- 
respond to agglutinogens of the blood cells. 
The new nomenclature described above is sug- 
gested with the approval of Dr. Philip Levine. 

Bloods of subtype.Rh» may give weaker re- 


TABLE II. 


: List of Family Material. 
Parents 
Lnily $< — 
No.* Father Mother Children 
1 OMNRh,; OMNRh, OMRh, 9 OMRh, é OMNRh,¢ OMRh,@ 
2 OMNRh,; OMNRh, ONRh, ¢ OMNRh,g OMNRh, é 
3 OMNRh, BMNRh- BMNRh,g ONRh, ¢ BMNRh,¢ BNRho@ 
4 OMRh, BNRh, BMNRhog OMNRhog OMNRh,Q OMNRh.? 
5 OMNRh, A,NRh, ONRh, 2 OMNRh,@? OMNBRh, ¢ 
6 BMRh, OMNRh, OMRh, @ BMNRh,@? OMNRh,;? BMRh,¢ 
7 A oMNRh, BMRh, AsMRh,9  BMBh,9 
8 A,MNRb- OMNRh, A, MRh, 2 
9 AoMNRh- A ,MRho AoMRhy» @ AsMRh» 6 AsyMRhp» ? A MNRhp 9 
10 A,MRh, A,MRho A,MRh, 9 A,MRh- @ 
11 A,MRh», OMRh, OMRhp ¢ A,MRh, ¢ A,MRhy 
12 A,MNRh, ONRh- A,MNRh-@ A MNRh, 
13 A,NRh, A,MNRhp» A,MRh, Qt A,MNRh,? A,NRh, 9? A,;MNRh,¢ A,NRBhoQ 
A,MNRh, ¢ 
14 OMRh- OMRh, OMRh, g OMRh, g 
15 OMRh, OMNRh, OMRh, 2 OMNRh,@? OMNRh,9 
16 A oMRh» BNRh, OMNRh-Q@ AsBMNRh, ¢ BMNRh, ¢ 
17 OMRh, OMNRhs OMNRh,3 OMRh,¢ OMNRh, 9 
18 OMNRh, OMRh, OMNRh,@ OMNRh,¢  OMNREh,¢ 
19 A,MNRh, A,NRh, A,NRh, 8 
20 OMRh, A,MRh- A,MRhy» 9 A,MRh, é A,MRhp» A,MRh;g A,MRh2Q 
A;MBh;g  A;MRbog A,MRh}Q A,MRhog A,MRh 3 
21 BMNREh,; A,NRhp» OMNRh;i¢g BNRh,? 
22 A,MRh, A,NRhy A,MNRh,Q A,;MNRh,Q A,;MNRh? OMNRh, ¢ 
23 A,MNRh, BMRh, A,;MNRh,g A,BMNRh, 4 
24 A,MRh, A,MRh, A,MRh, @ A,MRh, Q 
25 OMRh, OMNRh, OMNRh,¢ OMRh,¢@ OMNRh, @ 
26 OMRh» OMRh» OMRh» ¢ OMRhs 9 
27 A,;BNRh- ONRh- BNRh- ¢ BNRh-¢ 
28 A oMRhy OMNRh, A yMRh, ¢ A sMNRh,@? OMNRh-@ 
29 A,MRh, A oMNRhy AsMNRh-@ A,MRh, 6 OMRh, 9 
30 OMRh, ONRh- OMNRh,$ OMNRh,? 
31 BNRh, OMNRh, OMNRh,@ OMNRh,¢ ONRh-9@ ONRh, é ONRh-@ 
32 A,NRh, OMRh, OMNRh,@ OMNBh, 2 
33 OMNRh, OMRh, OMNRh-@ OMRh,? 
34 OMNRh, BMNRh, BNRh, 2 OMRh, @ 
85 BNRh, AoMRhy OMNRh,Q A sMNRh-g BMNRh,Q 
36 A,MNRh, OMNRh, A,MNRh,g <A,NRh,; ¢ 
37 BNRh, BMRh, BMNRh,g BMNRh,;g “BMNRh,? OMNRh, ¢ 
38 OMNRh, <A,MNRh, A,NRh, ¢ A,MNRh, 9 
39 A,NRh, OMNRh, A,MNRh;? OMNRh,¢ A,MNRh,Q 
40 AsBNRh- OMNRh, BMNRh,» ? 
41 ONRh, OMNRh- OMNRh,g OMNRh,4 OMNKh, 9? 
42 A,MNRhy ONRh, A,MNEPBh,;¢@ A,MNRh, ¢ 
43 BMRh, A,MNRh, OMRh, 9 A,BMRh, ¢ 
44 A,MNRh, OMRh, OMRh, ¢ A,MRh, 9 
45 A,MRh, OMRh- OMRh, é A,MRh, 6 
46 A,MNRh, BMNRhy A,NRh-¢ A sBMRhy ¢ 
47 A,;MRh, A oMNRh, A,MNRh,¢ A,MNRh, ¢ 


* Families 1-7 are the same as families 10, 12, 24, 26, 31, 36, and 37 from the study of Landsteiner 


and Wiener. 
+ Child of former marriage. 
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TABLE III. 
Heredity of Subtypes of Rh. 


Children of subtype 


(PL 
Mating No. of families Rh, Rhy Neg. Totals 
? Rh, X Rhy Tee ae 61 AW eG kek 
Rh, < Rhy 9 19 4 2 25 
Rh, X Neg. 9 17 0) 1 27 
Rhy & Rhz 2 0 3 it 4 
Rh, x Neg. 1 0 4 0 4 
Neg. < Neg. 1 0 0 2 2 
47 97 12 133 


Totals 


24 


actions than Rh; bloods with human anti- 
sera (anti-Rh’). Therefore, it may be ad- 
visable, when conducting tests with human 
anti-Rh sera, to include Rh positive controls 
of subtype Rhz as well as Rhy. 


We have studied the heredity of the major 
subdivisions of the Rh type in 47 families 
with 135 children (cf. Table IL). It appears 
from Table III that the subtypes Rh; and Rhe 
resemble the subgroups of A in their heredi- 
tary transmission. Thus, it is postulated 
that there are 3 main allelic genes, Rh, Rhp, 
and rh, where RA, and Rhz are both dominant 
over rk and Rh, is dominant over Rh». This 
theory explains why no children of subtype 
Rh, were encountered in the 4 families with 
10 children where neither of the parents be- 
longed to subtype Rh. In this connection it 
may be mentioned that Levine’ has found that 
in 17 families with 21 children in which the 
blood of neither parent was agglutinated by 
anti-Rh; serum, the bloods of all but one of 
the children failed to react with the serum, 
and in this single case the possibility of 
illegitimacy has to be considered. 

A further test of the theory is provided by 
the matings Rh, x Rh, and Rh, x Rh nega- 
tive. Since Rh, individuals must belong to 
genotype Rh,RA,, Rh,Rh,, or Rhyrh, these 
families, as is shown in Table IJ, fall into three 
groups, depending upon whether the children 
are all Rhy, or Rh; and Rh», or Rh; and nega- 
tive. From the theory it follows that when 
an Rh, parent in these matings has an Rh 
negative child, none of his~children can be- 
long to subtype Rh»; on the other hand where 
the Rh, parent has given rise to an Rhy child, 


7 Personal communication. 


he cannot have Rh negative children. No ex- 
ception to this rule was encountered in our 
series of families. A particularly striking case 
is family No, 20, in which the father is Rh, 
and the mother Rh negative. In this family 
there are 5 children of subtype Rh; and 5 of 
subtype Rhy, fulfilling the theoretical expecta- 
tion under the assumption that the father 
belongs to genotype Ri,Rh». 

Practical application of the heredity of the 
subtypes of Rh in cases of disputed parentage 
seems feasible and would afford a slight in- 
crease in the chances of exclusion. However, 
the difficulty in obtaining suitable reagents 
for the present prevents its general use. More- 
over, much more extensive study of families 
would be necessary to place the theory on a 
basis safe enough for forensic purposes. 

Based on the percentages of the types given 
in Table 1, the approximate frequencies of the 
genes are as follows: 

rh = V Neg. = V0.13 = 36% 


Rhy = VNeg. + Rhy — VNeg. = V0.27 — 
v0.13 = 16% 
Bhy = 1 — (Bhy + rh) = 48% 


It may be noted that the reactions dis- 
cussed do not exhaust the variety existing 
among human anti-Rh sera. Thus, recently 
a serum was encountered which gave strong 
agglutination with the great majority (but 
not all) of Rh» bloods and only a minority of 
Rh, bloods, while Rh negative bloods failed 
to react.S From a preliminary study, the ag- 
glutinogen responsible for the reaction appears 
to be inherited as a simple Mendelian dom- 
inant, probably due to a special allelic gene. 


be presented in detail in a separate report. 
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Summary. Studies on 47 families with 133 
children indicate that the major subtypes Rh, 
and Rh» are transmitted by means of corre- 
sponding allelic genes Ri, and Rh, which are 
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both dominant over the gene ri; and, in addi- 
tion, that gene Ri, is dominant over Rhy. (A 
nomenclature for designating the subdivisions 
of the Rh positive type is proposed). 
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The Tocopherol Level in Human Serum During Oral Tocopherol 
Therapy.* 


IsRAEL S. WECHSLER, GERDA GERNSHEIM MAYER, AND Harry SOBOTKA. 
From the Neurological Service and the Department of Chemistry, Laboratories of the Mount 
Sinai Hospital, New York. 


In a preceding publication* we have de- 
scribed the results of tocopherol studies in 
human serum by a photoelectric adaptation 
of the Emmerie and Engel a,q’-bipyridine 
method.? The average tocopherol level for a 
group of 12 healthy young individuals on an 
unrestricted diet was 0.96 mg/100 ml of 
serum. Patients suffering from amyotrophic 
lateral sclerosis showed slightly lower values 
within the normal range before tocopherol 
therapy. The blood level rose after oral ad- 
ministration of the vitamin, but in cases re- 
ceiving solely intramuscular tocopherol injec- 
tions a paradoxical drop was noted. 

We have now increased the number of cases 
of amyotrophic lateral sclerosist and added 
a group of patients treated orally with toco- 
pherol for myopathies and miscellaneous dis- 
eases other than amyotrophic lateral 
sclerosis. dl-q-Tocopherol acetate in 25 mg 
tablets was used in all experiments. 


* This work was carried out under grants from 
the John and Mary Markle Foundation, New York, 
and the Hoffman La Roche Company, Nutley, New 
Jersey, who also supplied the Ephynal. We hereby 
gratefully acknowledge their generous aid. 

1 Wechsler, I. S., Gernsheim Mayer, G., and 
Sobotka, H., Proc. Soc. Exp. Biot. anp Mep., 
1941, 47, 152. 

2 Gernsheim Mayer, G., and Sobotka, H., J. Biol. 
Chem., 1942, 143, 695. 

+ A clinical study by I. S. Wechsler, M. R. Sapir- 
stein, and A. Stein of 81 cases, including those 
studied here, will appear shortly. 

¢ We are indebted to the Neurological Service of 
the Montefiore Hospital for permission to study 
cases No. 207, 211-213, included in this group. 


The average blood level for 17 untreated 
cases of amyotrophic lateral sclerosis was 
0.67 mg/100 ml and that for 14 miscellaneous 
myopathies was 0.61 mg/100 ml before treat- 
ment. The figures in Tables I and II cor- 
roborate the observation that tocopherol in- 
gestion, repeated for several successive days, 
raises the serum level significantly. 

The patients who received treatment are 
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Average Serum Tocopherol Level after Administra- 
tion of Ephynal to Patients with Amyotrophie 

Lateral Sclerosis (I) and Other Diseases (II). 

Ordinates are mg Tocopherol/100 ml serum. 
Abscissee are mg Tocopherol administered per day. 
The points in the graphs represent the average 
serum tocopherol level for each dosage group. 
The point given for ‘‘0 mg dosage’’ is the average 
of all pre-treatment determinations. If the post- 
treatment level for each dosage group were com- 
pared with the pre-treatment level of the corre- 
sponding individual group, insignificant changes in 
the rise of each group would result. 
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TABLE I. 
Rise in Serum Tocopherol in Amyotrophic Lateral Selerosis Patients upon Oral Administration. 


Tocopherol content 
of 100 ml serum 


Ns ae ee 
Before After 
treatment Rise Tocopherol Administered Clinical 
No. Sex Age mg mg mg mg per diem days* status 
101 M 48 32 — — 
102 M 51 63; .50 — = 
5 M 47 69 — — 
8 M 39 1.15 1.36 0.21 75 1 
103a M 50 56 0.20 —0.36 75 8 
104a =F 56+ 40 0.66 0.26 75 4 
70 0.74 0.04 
105a M 42 MTG). 90 0.82 —0.08 100 4 
106a M 52 66 0.78 0.12 100 7 
13 M 38 67 0.90 0.23 100 5 
107 F 37 74; .80 1.25 0.45 100 4 tot 
9 F 50 61 1.20 0.59 100 4 
73 0.99 0.27 
106b M 52 [.78]t 1.10 0.32 200 9 ++ 
104b FF 56 [66] t 1.02 0.36 200 5 
108 F 31 52; .49 0.90 0.41 200 6 + 
105b M 42 [.82]t 1.54 0.72 200 6 
109 M 38 59 1.49 0.90 200 5 + 
103b M 50 [.20] 1.29 1.09 200 6 
110 M 55 297; 90 2.08 1.18 200 12 
.66 1.37 0.73 
10 M 43 2503 .03 0.93 0.40 340 8 
6 F 39 180-2126) 1.46 340 5 ara 
67 1.60 0.94 
ph M 50 69; .88 [1.70] [0.82] [740] [3] 
’ 2.00 1.12 740 10 ++ 
2 M 41 —_ 1.68 — 740 67 ++ 
1 F 48 — peal — 740 23 
7 1) 58 == 1.79 —— 740 22 
3 M 32 — 2.07 — 740 69 
8 M 39 — 2.14 —_ 740 28 
88 1.90 1.12 
Average of all cases: 0.67 — _ 


The case numbers below 100 correspond to the numbers in Table II of our previous publica- 
tion.1 

* Number of days indicates time elapsed from the beginning of administration to the day 
of determination ‘‘after treatment,’’ but treatment was actually often continued beyond 
that date. 

t Diagnosis of No. 104 not definite. 

¢ The figures in brackets have been excluded from computations of the total average. In 
ease of duplicate determinations, separated by a few days, the first one has been disregarded in 
averaging. 

+ = No evidence of progression while under observation. 

+-+ = Temporary improvement or recession of signs and symptoms. 


grouped according to the strength of the daily 100 mg a day cause a rise of 0.27 mg in cases 
doses. Fig. 1 shows that 75 mg per diem of amyotrophic lateral sclerosis, but amounts 
leave the average serum level unaffected. of 200 mg double the tocopherol titer to 
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TABLE II. 
Serum Tocopherol in Miscellaneous Cases Before and After Tocopherol Administration. 


Tocopherol content 
of 100 ml serum 


Before After Adminis- 
treatment Rise Tocopherol tered 
No. Sex Age Diagnosis mg mg mg mgperdiem days* 
201. F 31 Myopathy | 80; 64s ye 
202 M 50 Lumbo-sacral radiculitis 63 — — 
203 M 42 Lateral sclerosis 90 — — 
204 M 505) Lumbo-sacral radiculitis 1.07 a = 
81 
205 M 8 Myopathy 393 .33 0.50 Ou 50 11 
208a F 32 ss 88 0.69 —0.19 75 4 
206a M 21 Normal 04 0.59 0.05 75 5 
207 M 18 Myopathy 25 SS M4oen OAT 75 5 
56 0.57 0.01 
209a M 24 , 80; .51 0.43 —0.08 100 8 
210%) Moa 22 22 .46; .79 1.00 0.21 100 5 
.65 0.72 0.07 
211 M 18 an 52 0.35 —0.17 150 abil 
206b M vy Normal [.59}t 0.50 —0.09 150 5 
212 F 58 Myopathy 54 1.60; Aled.06 150 8 
53 0.82 0.27 
209b M 24 de [.43]t 0.40: —0.03 200 8 
208b F 32 [-69] +t 0.93 0.24 200 4 
2137s 3 33 a 48 1.49 1.01 200 17 
48 0.94 0.41 
214-9 47  Diffvse calcinosis 40; .49 1.32 0.83 300 7 
Average of all cases: 61 - — 


values approaching those observed previously? 
with daily doses of 340 mg and 740 mg. The 
respective increases with 100-300 mg per 
diem in the miscellaneous group were erratic 
and their averages distinctly lower than in 
amyotrophic lateral sclerosis. In 4 individ- 
uals (Nos. 103-106) the rise was deter- 
mined after a first period of 75-100 mg per 
diem and a second period of 200 mg per diem. 
The response rose from —0.36 to +1.09, 
from 0.26 to 0.36, from —0.08 to +0.72 and 
from +0.12 to +0.32 respectively. Similar 
experiments on one normal subject (206) and 
2 cases with muscular dystrophy (208 and 
209) yielded equivocal results. 

A comparison of daily dosage and rise in 
blood level with the temporary improvement, 


observed during tocopherol administration in 
amyotrophic lateral sclerosis, shows that 
such beneficent effects occurred in one of 8 
cases receiving 100 mg p.d. or less and in 6 
out of 9 cases receiving 200 mg or more. 
None of 6 cases whose blood level had de- 
creased, or increased by less than 0.40 
mg/100 ml serum showed any favorable effect, 
whereas 7 of 11 cases showed such temporary 
effects concomitantly with a rise of serum 
tocopherol by more than 0.40 mg/100 ml. 
These findings suggest that any further thera- . 
peutic trials with oral tocopherol administra- 
tion in amyotrophic lateral sclerosis should be 
based on repeated daily dosage of 200 mg or 
more. 

The miscellaneous group is not sufficiently 
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large to correlate the nature of the response 


of the blood level with individual disease en- | 


tities. 

We could not detect tocopherol in any of 
6 specimens of spinal fluid from amyotrophic 
lateral sclerosis and other patients. 

Summary. In continuation of previous 
studies, the tocopherol level in the serum of 
patients with amyotrophic lateral sclerosis and 
with miscellaneous myopathies was found to 


average 0.67 and 0.61 mg/100 ml respec- 
tively. The response to daily oral adminis- 
tration of 75 to 740 mg tocopherol runs 
parallel to the dosage and attains levels of 
more than 2.0 mg/100 ml serum. Temporary 
favorable effects on the clinical status are only 
found with doses over 200 mg tocopherol per 
diem. The spinal fluid does not contain 
tocopherol. 
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Heparin and the Agglutination of Platelets in Vitro. 


Ivan D. BARONOFSKY AND ARMAND J. QuIcK. 
From the Department of Pharmacology, Marquette University School of Medicine, Milwaukee. 


Heparin inhibits both the coagulation of the 
blood and the agglutination of platelets. A 
much higher concentration, however, is re- 
quired for the latter. Solandt and Best! have 
shown that over 300 mg per kg of body weight 
must be injected intravenously to prevent the 
intravascular clumping of platelets. The 
object of the present study was to determine 
the minimum amount of heparin that is re- 
quired for the prevention of platelet aggluti- 
nation in vitro. 

Blood was drawn into a dry sterile syringe, 
and immediately distributed in-1 cc amounts 
to a series of small test tubes containing 0.1 
cc of heparin solution (Roche Organon 
Liquaemin*) of varying concentrations as 


recorded in the table. After thorough mixing, 
the blood was drawn to the 0.5 mark in a red 
blood cell pipette and the pipette filled with 
0.85% sodium chloride solution. The platelet 
count was made in the usual manner. 

A concentration of more than 0.1 mg (or 
10 Toronto units) per cc of human blood is 
required to prevent clumping of platelets.. No 
decrease in the platelet count by heparin as 
reported by Copley and Robb? was observed. 
Why so much more heparin is required for the 
prevention of platelet agglutination than for 
inhibiting coagulation is not clear. Never- 
theless, it is well recognized that a’ definite 
relationship exists between these two pro- 
cesses. An additional observation in support 


TABLE I. 
Influence of Heparin on the Platelet Count in vitro. 


Platelet count of human subjects 


Amt of heparin a 


=~ 
per ce of blood I II II State of platelets 
None* 337,000 312,000 278,000 No clumping 
0.1 mg , 360,000 320,000 286,000 Definite clumping 
0.25 372,000 300,000 270,000 No clumping 
0.5 320,000 208,000 264,000 Be ze. 
1.0 348,000 & 4 


* 0.1 cc of 3.8% sodium citrate was used. 


1Solandt, D. Y., and Best, C. H., Lancet, 1940, 
1, 1042. 


* The Liquaemin was kindly supplied by Edward 


A. Wickham of Roche Organon, Inc., Nutley, New 
Jersey. 

2 Copley, A. L., and Robb, T. P., Am. J. Clin. 
Path., 1942, 12, 416. 
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of this may be cited. The platelets of blood 
obtained from animals whose prothrombin has 
been drastically reduced by feeding dicumarol 
show no tendency to agglutinate in the 
absence of an anticoagulant. A typical ex- 
periment was as follows: Dicumarol was given 
to a rabbit daily until the prothrombin time 
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was 7 minutes. Platelet counts were made 
using for one sample 3.8% sodium citrate 
as the diluent, and for the other 0.85% 
sodium chloride solution. The platelet count 
using saline solution was 250,000, and with 
sodium citrate solution was 280,000. No 
clumping in either-was observed. 


14237 P 


Rate of Emptying of Biliary Tract Following Section of Vagi or of All 
Extrinsic Nerves.* 


Epwarp A. BoyDEN AND CHARLES VAN BUSKIRK. 


From the Department of Anatomy, University of Minnesota. 


Previous experiments have demonstrated 
that section of the specific nerves to the cho- 
ledochoduodenal junction in the cat so re- 
tards emptying of the gall bladder that double 
the time is required to empty half its con- 
tents after a meal of egg-yolk. Subdia- 
phragmatic section of the left vagus has ap- 
proximately the same effect but when the 
right vagus is cut the time is tripled. Section 
of all splanchnics produces little change.1 The 
evidence suggests that severance of the right 
vagus removes not only the fibers which 
activate the gall bladder but those which re- 
lease the sphincter of Oddi by inhibiting the 
local nerve net that maintains its tonus be- 
tween meals. 

Surprisingly, a continuation of these ex- 
periments has shown that severance of both 
vagi, or complete denervation of the biliary 
tract (vagi and splanchnics), has no retarding 


effect on the rate of emptying, z.e., gall 
bladder and sphincter respond to hormone- 
producing food at least as fast as in the 
controls. 

Since it is known that section of one vagus 
does not affect the rate of emptying of the 
stomach” but that section of both vagi re- 
laxes the pyloric sphincter and decreases the 
initial time required for passage of food into 
the duodenum,’ the rate of emptying of the 
denervated biliary tract may be explained on 
the basis that loss of vagus effect on the 
biliary musculature is compensated for by 
increased hormonal action resulting from faster 
discharge of hormone-producing food into the 
duodenum. Contrary to some earlier reports on 
section of nerves to the intestine* it can be 
stated that severance of all extrinsic nerves 
to the sphincter of Oddi, although resulting in 
destruction of preganglionic fibers, does not 


TABLE I. 
Rate of Emptying of Gall Bladder After Egg-yolk. 


Y% contents 


Initial Oilenters gallbladder 2% contents 
Nervous pathway No. of tonus eystie duet discharged discharged 
interrupted animals (min) (min) (min) (min) 
Lipiodol controls 
(DuBois and Hunt, ’32) 12 9 20 70 104 
Both vagi 12 10 22 64 89 
Vagi and splanchniecs lal i) 26 68 87 


* Aided by grants from the Graduate Research 
Funds of the University of Minnesota. 

1 Johnson, Frank E., and Boyden, Edward A., 
Surg., Gyn., and Obst., 1943, 76, 395. 


2 MeSwiney, B. A., Physiol. Rev., 1931, 11, 478. 

3 Meek, Walter J., and Herrin, Raymond C., 
Am. J. Physiol., 1934, 109, 231. 

4 Evans, C. L., Physiol. Rev., 1926, 6, 358. 
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Gea 
A, B. Photomicrographs of sphincter of Oddi (sph.) 11 days after peripheral connections 
of left celiac and central connections of right celiac ganglion have been severed (Cat No. 52; 
Bodian technic; 352). Note undegenerated extrinsic nerve fibers (f) in vicinity of ganglion 


cells (g). a, d, axon and dendrites. 


C. Photomicrograph of tangential section of major papilla 12 days after both vagi and 
peripheral connections of both celiac ganglia have been severed (Cat No. 72; Bodian technic; 


5300). 


Note absence of extrinsic nerves but persistence of peripheral ganglion cells (g) 


and their postganglionic fibers (p.g.). The latter pass both to the tunica muscularis (t.m.) and 


to the sphincter muscle (sph.). 


cause degeneration of the ganglion cells and 
postganglionic fibers (Fig. 1 C). This local 
nerve net may be presumed to be the appara- 
tus which continues to respond to hormone- 
producing substances.° The accompanying 
figures, showing sections stained by the 


Bodian technic (C. Van Buskirk), are be- 
lieved to be the first published photomicro- 
graphs of the intrinsic nerve net of the 
sphincter of Oddi. 


5 Boyden, Edward A., Bergh, George S., and 
Layne, John A., Surgery, 1943, 13, 723. 
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Fat Oxidation in Experimental Animal Diets.* 


Donatp F. CLausENn, RICHARD H. BARNES AND GEORGE O. Burr. 


From the Division of Physiological Chemistry, University of Minnesota, Minneapolis. 


The large number of deleterious effects 
caused by the ingestion of oxidized fat, which 
have been reported from numerous labora- 
tories, will be reviewed in a forthcoming pub- 
lication! In many cases improper stabiliza- 
tion of experimental diets may have resulted 
in the inadvertent feeding of rancid fats to 
test animals. Although it is impossible to tell 
how frequently experimental results have 
been unknowingly influenced by this factor 
more care should be exercised by investigators 
in preventing fat deterioration. The serious- 
ness of fat rancidification was again brought 
to the attention of this laboratory some time 
ago. when it was found that rats receiving a 
normal balanced diet containing the pure B 
vitamins in place of the customary yeast, cod 
liver oil, and lard, failed to grow and ulti- 
mately died. Replacement of the lard with 
other fats such as hydrogenated vegetable oils, 
corn oil, and butterfat provided an adequate 
diet for growth. If the pure B vitamins were 
replaced by yeast, normal growth resulted. 
On further investigation it was found that 
in the absence of yeast, the lard and cod liver 
oil rapidly became oxidized and exerted a 
deleterious effect. 


As it is a common practice among nutrition 
investigators to prepare experimental diets 
and keep them at room temperatures over 
periods of several weeks it was considered ad- 
visable to have some knowledge of the rates 
of deterioration of fats incorporated in differ- 
ent food mixtures. 

Experimental. Dietary mixtures were 
compounded in 200 g lots as outlined in 
Table I. These mixtures were placed in glass 
bottles and stored in the dark at room 
temperature. Once each week 25 g samples 


* This work was aided by a grant from the 
Rockefeller Foundation. 

1 Burr, G. O., and Barnes, R. H., Physiol. Rev., 
in press. 


were removed and™extracted with ligroin 
(B. P. 30-60°C.). After removal of the 
solvent in vacuo, peroxide values were deter- 
mined.2. These peroxide values in milli- 
equivalents per 1000 g of fat are plotted in 
Fig. 1, 2, and 3. The peroxide values of the 
individual fats at the time of mixing were: 
wheat germ oil, 7.3; cod liver oil, 18.6; steam 
rendered lard, 2.4; bland (stabilized) lard, 


0.3; vegetable (Wesson) oil, 14.2; and 
butterfat, 0.0. 
Results. It is shown in Fig. 1 that the 


lard in diet mixtures not containing yeast 
reached the end of the induction period within 
2-3 weeks. The stability of this fat was not 
greatly influenced by the presence of the pure 
B vitamins, but addition of yeast prolonged 
the induction period beyond 8 weeks.t¢ When 
mixed with Cellu Flour (Fig. 3, Diet 19) the’ 
induction period of lard was much longer than 
when it was mixed with other dietary con- 
stituents except yeast (Fig. 1, Diet 5). It 
seems that a prooxidant, probably the salts, 
must promote oxidation in the food mixture. 
In Fig. 2 are given the oxidation curves for 
several fats mixed in diets containing the 
pure B vitamins and cod liver oil, with or 
without wheat germ oil. The induction period 
of a lard-containing diet without either cod 
liver oil or wheat germ supplements (Diet 2) 
was prolonged slightly by the addition of cod 
liver oil (Diet 7) and to a greater extent by 
cod liver oil together with wheat germ oil 


2 King, A. E., Roschen, H. L., and Irwin, W. H.., 
Oil and Soap, 1933, 10, 105. 

t Since the completion of this study Gyérgy and 
Tomarelli (Gyorgy, P., and Tomarelli, R., J. Biol. 
Chem., 1943, 147, 515) have presented evidence of 
the antioxidant properties of yeast and che lack of 
antioxidant activity of the known B vitamins with 
the exception of p-aminobenzoic acid, in mixtures 
of corn starch, butter yellow (N,N-dimethylamino- 
azobenzene), and crude linoleic acid (iodine value 
126-140). 
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TABLE TI. 
Dietary Mixtures. 
cron (a Oe sOn mt oo RO We 18 S14 Lb 167) 18 10 
Casein t+ ttettee tye ttettet 
Sucrose t+ +++ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4 4 
Salts t++t+eeeeeete¢epte¢gttet 
Yeast ‘ Je 
Pure B Vitamins + + 4+ HS eS g tle Celis alba, seeds) < alg 9 ia 
B Vitamins minus- 
Choline + 
Choline ae 
Cellu Flour dL a val 
Mineral Oil Jk hae 
Wheat Germ Oil — + + al at 2s ae 
Cod Liver Oil eee to ee re at 
Type of Fat See on Smo ebay Meo Ves. BiB, —. So 8.) 8: 
lard lard lard lard lard lard lard lard lard lard oil oil fat fat lard lard lard 


When present in a given mixture the ingredients were added per 100 g of diet in the amounts 
specified below: Casein (Land O’Lakes, 100 mesh) 20 parts; sucrose (pure cane sugar) sufficient to make a 
total of 100 g; salts (modified Hubbell, Mendel and Wakeman? CaCOsz, 543; MgCOs, 25; MgSO, + 7H20, 
16; NaCl, 690; KCl, 112; KH2PO4, 212; FePO,, 20.5; KI, 0.08) 4 parts; yeast (Anheuser Busch strain 
G) 6 parts; pure B vitamins (thiamin, 1 mg; riboflavin, 375 wg; nicotinic acid, 2 mg; pyridoxine, 500 
pg; pantothenic acid, 2.8 mg; choline, 200 mg; 2-methyl 1-4 naphthoquinone, 40 yg); B vitamins minus 
choline (the above vitamins without choline); choline, 200 mg; Cellu Flour (Chicago Dietetic Supply 
House) sufficient to make a total of 100 g; mineral oil (heavy U.S.P.) 18 parts; wheat germ oil (Viobin) 
1 part; cod liver oil (U.S.P.) 2 parts; steam lard (Hormel) 18 parts; bland lard (Swift’s, contains 
some hydrogenated fat and 0.1% gum guaiac) 18 parts; vegetable oil (Wesson oil) 18 parts; butterfat 
(commercial butter melted and centrifuged to separate fat) 18 parts. 


(Diet 6.) Bland lard which contains the 200 
antioxidant gum guaiac, had a definitely pro- 

Jonged keeping time, but was not appreciably ae 
affected by the inclusion of wheat germ oil 

(Diets 10 and 9). The induction period of ae 
the butterfat diet was prolonged to some ex- 
tent by wheat germ oil (Diets 14 and 13) but 
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_ the cottonseed oil diet which had a steady 
peroxidation from the start was not protected 
(Diets 12 and 11). 

In the absence of other fats the mixture of | 


cod liver oil and wheat germ oil oxidized much 


\ 2 3 4 5 6 7 8 3 Hubbell, R. B., Mendel, L. B., and Wakeman, 
frat A. J., J. Nutrition, 1937, 14, 273. 


PEROXIDE VALUE 


TIME - WEEKS 
Fie. 3. 


more rapidly than cod liver oil alone (Fig. 
3, Diets 16 and 15). 

Data which are not included in the graphs 
showed that. after a 6-weeks storage of yeast- 
containing diets at room temperature (Diet 8 
with other fats substituted) none of the fol- 
lowing fats had developed peroxide values 
above 15: lard Swift’s Silverleaf, lard Cudahy- 
Rex, lard Swift’s-Bland with gum guaiac. corn 
oil (Mazola), hydrogenated vegetable oil 
(Crisco), or butterfat. Ute 

Discussion. ‘The rancidification of lard in 
a diet which did not contain yeast was very 
rapid. With the addition of cod liver oil and 
wheat germ oil the rate of accumulation of 
peroxides was considerably less. However 
it is well known that both of these oils are 
themselves unstable and that cod liver oil 
rapidly destroys vitamin E in mixed diets. 


Fat OXIDATION IN EXPERIMENTAL ANIMAL DIETs. 


It is certainly not good practice to incorporate 
these 2 fat soluble vitamin sources in the diet 
mixture, especially when yeast is not present. 
For purposes of controlling nutrition factors it 
is frequently advocated that yeast supple- 
ments be fed separately from the rest of the 
dietary mixture...When this method of yeast 
administration is not necessary a prolonged 
keeping time of the food fat and a probable 
protection of readily oxidizable vitamins is 
afforded by the direct incorporation of the 
yeast in the diet. It is also advantageous to 
employ other methods of stabilization. Lard 
containing 0.1% gum guaiac had a somewhat 
longer induction period. Storing of diets at 
low temperatures is to be recommended. Diet 
No. 2 which contains lard and the pure B 
vitamins had a peroxide value of 12 after 
approximately 3 weeks in an ice box at a 
temperature of 12°C. When stored at room 
temperature for the same time the lard of 
this diet had a peroxide value greater than 
100. 


The variation in the keeping quality of dif- 
ferent fats and the influence of other diet 
components on the stability of fat makes care- 
ful control of rancidification imperative in nu- 
trition studies. The inadvertent destruction 
of dietary essentials and the possible inde- 
pendent toxicity of rancid fat are factors that 
might confuse the interpretation of many 
diet experiments. 


Summary. Studies on the keeping quality 
of fats in different food mixtures have indi- 
cated certain prooxidant and antioxidant 
characteristics among the dietary components. 
The relative keeping time of fats added to 
various dietary mixtures is given and the im- 
portance of careful preservation of experi- 
mental diets is stressed. 
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Effect of Acetylation on Specificity of Pepsin. 


VINCENT HOLLANDER. 


(Introduced by F.C. Koch.) 


From the Department of Biochemistry, University of Chicago. 


The action of crystalline pepsin on syn- 
thetic substrates such as carbobenzoxy 1- 
glutamyl I-tyrosine (C.G.T.) exhibits at least 
two well defined differences from its action 
on a protein like hemoglobin. First, the 
action of pepsin on hemoglobin has a maxi- 
mum rate at pH 2, while the.action on C.G.T. 
has a maximum rate at pH 4. Secondly, it 
requires high concentrations of pepsin to 
effect rapid hydrolysis of C.G.T. 

Since the action of pepsin on a protein can 
be quantitatively altered by acetylation of 
the enzyme, it was thought desirable to test 
the effect of acetylation on the action of 
C.G.T. and to compare this with the action 
on the typical protein substrate, hemoglobin. 

This was done with 3 types of pepsin prep- 
arations. First, the crystalline N-acetyl de- 
rivative was prepared by ketene acetylation 
of crystalline pepsin. The crystalline pepsin 
was prepared from commercial Cudahy 
1:10,000 pepsin by the method of Northrop.? 
The preparation and crystallization of the 
N-acetyl derivative was done according to the 
description of Herriott and Northrop.* This 
preparation is as active on hemoglobin as is 
unacetylated pepsin. Second, a series of 
more highly acetylated pepsins ranging in 
activity from 60% to 100% of that of regular 
crystalline pepsin were prepared by further 
treatment with ketene. No attempt was 
made to crystallize these preparations. Third, 
preparations were made by acid hydrolysis of 
the O-acetyl groups in a 50% active prepara- 
tion which causes the enzyme to regain its 
activity®* as a result of an increase in the 
number of free phenolic hydroxyl groups of 
tyrosine. 


1Fruton, J. S., and Bergmann, Max, J. Biol. 
Chem., 1939, 127, 627. 

2 Northrop, J. H., J. Gen. Physiol., 1930, 13, 739. 

3 Herriott, R. M., and Northrop, J. H., J. Gen. 
Physiol., 1934, 18, 13. 

4 Herriott, R. M., J. Gen. Physiol., 1935, 19, 283. 


The action of the enzyme on hemoglobin 
was determined according to the method of 
Anson and the results recorded in terms of 
hemoglobin units of specific activity.2 The 
action on C.G.T. is recorded in terms of the 
percent hydrolysis after 24 hr incubation at 
40°C of a solution .035 M in C.G.T. and 
.05 M in acetate buffer adjusted to pH 4.0 
with dilute sodium hydroxide using a glass 
electrode. The extent of hydrolysis was de- 
termined by the volumetric method of Van 
Slyke for amino nitrogen and corrected for 
amino nitrogen in the enzyme preparations 
themselves. The results on the first two 
types of preparations are recorded in Table I. 

To test the effect of acid hydrolysis of 
Q-acetyl groups, pepsin which had been 
acetylated to about 50% of its former activ- 
ity was treated with normal sulfuric acid at 
2°C. The results are recorded in Table II. 

These results show that mild acetylation 
of pepsin has no influence on the activity of 
the enzyme towards C.G.T.; that more dras- 
tic acetylation inhibits this activity towards 
C.G.T. in the same manner as it does the 
activity towards hemoglobin. ‘These experi- 
ments support the conclusion® that free amino 
groups in the enzyme are unnecessary for 
the action of pepsin and that free phenolic 
hydroxyl groups are necessary. If the 
percent hydrolysis of C.G.T. is plotted 
against the concentration of pepsin (in the 
range used in these experiments) a linear 
relationship is obtained. If points for the 
acetyl pepsin experiments are located on 
this graph by using, instead of pepsin con- 
centration, the function acetyl pepsin concen- 


* Sp. activity after acetylation ° 
tration x Sp. activity betore acetylation the points 


fall on the line. This is consistent with the 
interpretation that the hydrolysis of C.G.T. 
and hemoglobin by pepsin are similar pro- 
cesses. This is also consistent with the find- 


5 Anson, M. L., J. Gen. Physiol., 1938, 22, 79. 
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TABLE I, 
Comparative Activities of Pepsin and Acetylated Pepsins. 


Preparation 


Specific activity 


% hydrolysis C.G.T. on hemoglobin 


Crystalline N-acetyl pepsin 
9 72 99 
2X eryst. pepsin 
” »? 9 
” ” ”? acetylated for 2 hrs 
3 22 
4 9) 
7 be 


55 a 22 
55 a 22 
54 a 123 
55 a % 23 
52.5b 23 
44.6b 2 
43.2b 21 
41.3b 15 


a—1.2 mg pepsin N/ml. b—1.0 mg pepsin N/ml. 


TABLE II. 
Comparative Activities of 50% Active Pepsin Before and After Hydrolysis. 


Cone. pepsin used on 


synthetic substrate in 


Hrs acid hydrolysis mg protein/ml 


% hydrolysis 
of C.G.T. 


Specific activity 
on hemoglobin 


0 0.8 

0 1.2 
48 0.8 
48 1.2 
100 0.8 
100 1.2 


36 12 
40.5 12 
39 16 
45 16 
45 21 
51.5 21 


ings of Tracy and Ross® that malonylation 
of pepsin with carbon suboxide does not effect 
the specificity of the enzyme. 

The difference between C.G.T. and hemo- 
globin with respect to pH optima of hy- 
drolysis is perhaps ascribable to the mecha- 
nism of the enzyme reaction. Bergmann? 
demonstrated the importance of carboxyl 
groups in synthetic substrates for pepsin; 
and Tracy and Ross,® found that ‘the intro- 
duction of carboxyl groups into serum al- 
bumin by malonylation increases the rate 
and extent of peptic activity. If one assumes 
that pepsin catalyses the hydrolysis of ap- 
propriate substrate molecules with intact 
carboxyl groups (as against carboxyl ions) 
the difference in pH optima can be explained 
by the existence in the protein substrate of 
stronger acidic groups (which require a lower 


6 Tracy, A. H., and Ross, W. F., J. Biol. Chem., 
1942, 146, 63. 


pH for their conversion to carboxyl groups) 
than in the peptide. The assumption is con- 
sistent with, but not uniquely demonstrated 
by, the data of Northrop,’ who showed that 
the rate of peptic digestion runs parallel to 
the titration curve of protein substrates. 
Further data is of course necessary to test 
this point. : 
The author wishes to thank Professor F. 


‘C. Koch of the Department of Bicchemistry 


of the University oi Chicago for his advice 
and encouragement. 

Summary. Acetylation of the free amino 
groups of pepsin does not affect the hydrolysis 
of the peptide carbobenzoxy |-glutamy] 1- 
tyrosine. Further acetylation decreases the 
activity towards this substrate. Acid hy- 
drolysis of O-acetyl, leaving N-acetyl groups 
intact, restores the activity of the enzyme to 
its former value. 


7 Northrop, z. Haat Gen. Physiol., 1922, 5, 263. 
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Anti-Rachitic Activity of Vitamin-D;-Precursors in the Rat. 


S. LASSEN AND E. GEIGER. 


From the Van Camp Laboratories, 


\ 


In a preceding paper! we have found that 
subcutaneous injection of 7-dehydro-chole- 
sterol shows an anti-rachitic activity only if 
the previously depleted rats also receive am- 
ple irradiation. Further studies of the anti- 
rachitic activity of other cholesterol deriva- 
tives are submitted in this report. 

In the synthesis of 7-dehydro-cholesterol 
from cholesterol, 7-keto-cholesterol and 7- 
hydroxy-cholesterol* are important  inter- 
mediaries. It was, therefore, considered of 
interest to investigate whether or not any 
evidence could be found for the ability of 
the animal body to form 7-dehydro-chole- 
sterol from its im vitro precursors, namely, 
7-keto-cholesterol and 7-hydroxy-cholesterol. 
Such a possibility has been indicated by 
Wintersteiner and Ritzman? and Rosenberg.® 
Furthermore, Hazlewood* and McPhillamy® 
isolated 7-hydroxy-cholesterol from liver and 
from serum. Wintersteiner and Ritzman,? 
and Wintersteiner and Bergstrom® thought 
that the 7-hydroxy-cholesterol isolated by the 
above workers might possibly be an artefact 
produced by accidental oxidation during its 
isolation. This possibility seems to be elim- 


1Geiger, E., and Lassen, S., Proc. Soc. Exp. 
Bion. AND Mep., 1942, 52, 11. 

*This compound is usually not regarded as a 
pro-vitamin in a strict sense as irradiation of this 
substance (Bills and MacDonald) shows only a 
very slight anti-rachitic activity and there is, fur- 
thermore, no indication that the material used for 
irradiation in those experiments did not contain 
7-dehydro-cholesterol as impurity. 

2 Wintersteiner and Ritzman, J. Biol. Chem, 
1943, 136, 697. 

3 Rosenberg, H. R., Chemistry and Physiology of 
the Vitamins, Interscience Publ., 1942. ~ 

4 Hazlewood, G. A. D., Biochem. J., 1939, 33, 709. 

5 MePhillamy, H. B., J. Am. Chem. Soc., 1940, 
62, 3518. 

6 Wintersteiner and Bergstrom, J. Biol. Chem., 
1941, 141, 597. 


Terminal Island, California. 


inated by the more recent work of Hazle- 
wood." 

It was thought that the injection of solu- 
tions of 7-keto-cholesterol and 7-hydroxy- 
cholesterol into rachitic rats on a depletion 
diet followed by exposure of the rats to ultra- 
violet irradiation might indicate whether the 
animal body is capable of converting these 
two precursors into 7-dehydro-cholesterol. 

The following experiments were therefore 
undertaken: 

7-dehydro-cholesterol was prepared from 
cholesterol by the method of Windaus® and 
the product was repeatedly recrystallized 
from methyl alcohol in darkness. The 
a-epimer of 7-hydroxy-cholesterol was pre- 
pared by saponification from the dibenzoate 
according to Windaus® and was recrystallized 
several times from petrol ether. The 7-keto- 
cholesterol was prepared by saponification 
from the keto-cholesterol-acetate and recrys- 
tallized from methyl alcohol (m.p. 166 to 
LOWE CES 9238 =912760).) hese 3) ‘sterol 
compounds were dissolved in propylene-glycol 
U. S. P., using 5.3 mg of the purified sub- 
stance for 50 cc of propylene-glycol. The 
solutions were kept in a dark refrigerator. 

For each group of experiments 7 fully de- 
pleted rats (see U.S.P. XII, p. 640) were 
used. 

Group 1 was injected subcutaneously every 
other day with 0.2 cc of 7-dehydro-chole- 
sterol solution. 

Group 2 was injected subcutaneously every 
other day with 0.2 cc of 7-hydroxy-chole- 
sterol. 

Group 3 received subcutaneously every 
other day 0.2 cc of 7-keto-cholesterol solution. 

All 3 groups were irradiated daily for 4 
minutes with a 2 arc therapeutic lamp at a 


7 Hazlewood, G. A. D., Biochem. J., 1942, 36, 389. 
8 Windaus, A., Lettre, H., and Schenck, F., Ann., 
1935, 98, 520. 
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TABLE I. 
Test Group of Avg 
No. 7 rats Injected Healing 

Test A ii 7-dehydro-cholesterol 1.2 
Il 7-hydroxy- 4g 2.0 
III 7-keto- 1 Uae 

Test B I 7-dehydro-cholesterol 0.86 
II 7-hydroxy- fe 1.8 
Ee 7-keto- 23 1.7 


distance of 12 inches. The animals were also 
daily exposed to daylight for 3 hours. Other- 
wise the rats were kept during the whole 
experiment on a rachitogenic diet in a dark 
room. The injection of the sterols was al- 
ways performed after the irradiation. After 
8 days, the rats were killed and the degree 
of calcification in the tibize was evaluated by 
the line-test. (Table I). 

The results of Table I, Test A, show that 
the injection of 7-hydroxy-cholesterol gave 
greater calcification than the injection of 
7-dehydro-cholesterol did and that the 7-keto- 
cholesterol had about the same activity as 
7-dehydro-cholesterol. In order to reduce 
any experimental error, we repeated this ex- 
periment using newly prepared sterol solu- 
tions. The results of this series are listed in 
Table I under Test B. The repetition of the 
experiments confirmed the results of Test A, 
showing the 7-hydroxy-cholesterol and 7- 
keto-cholesterol injected subcutaneously into 
rats subsequently irradiated was more ef- 
fective than the injection of 7-dehydro-chole- 
sterol, but this time the 7-keto-cholesterol 
was as effective as 7-hydroxy-cholesterol. 

If we assume that the 7-keto-cholesterol 
and 7-hydroxy-cholesterol were transformed 
in the body of the experimental animals to 
7-dehydro-cholesterol in the same general way 
as im vitro and that this substance is finally 
activated by our irradiation procedure, it is 
difficult to explain why the precursor is more 
active than the 7-dehydro-cholesterol itself. 
We are, therefore, forced to conclude that 
either the keto and hydroxy compounds are 
more easily absorbed from the place of in- 
jection (subcutis) than the 7-dehydro-chole- 
sterol and are conveyed faster to the specific 
tissues (liver, skin, or bones) where they 
exert their activity or that the keto and the 
hydroxy compounds in the body are trans- 
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formed to Vitamin D or pro-vitamin D in a 
way which is entirely different from the im 
vitro procedure. Further experiments are in 
progress to determine which one of the two 
assumptions is correct. 

In the second group of experiments we 
compared the anti-rachitic activity of the 
above mentioned 3 sterols when given per 
os and by injection. The mode of procedure 
is that used above. Seven or 14 D-depleted 
rats were used in each group and the animals 
were irradiated daily as in the experiments 
mentioned before. 0.1 cc of the propylene 
glycol solution of the same concentration as 
used for the subcutaneous injection was ad- 
ministered daily per os following the irradia- 
tion of the animals, so that the total amount 
of the sterols administered to each rat during 
the experiment was the same as in the earlier 
experiments using the injection method. 


TABLE II. 
Rats 
Group in Avg 
No. Group Treatment Healing 
it 14 Irradiation and per os daily 
0.1 ee 7-dehydro-cholesterol . 0.39 
Il 7 Irradiation and per os daily 
0.1 ce 7-hydroxy-cholesterol 0.64 
Il 7 Irradiation and per os daily 
0.1 ee 7-keto-cholesterol 0.29 


The experiments of Table II show that per 
os administration of the 3 sterols investigated 
was less effective than the subcutaneous in- 
jection of the same sterols. This may be at- 
tributed to a diminished resorption of these 
compounds from the intestinal tract. In the 
foregoing paper! we have proved that there 
is no essential difference in the curative effect 
of activated 7-dehydro-cholesterol whether it 
is given the rats subcutaneously or per os. 
This seems to indicate that the intestinal 
resorption of the so-called D3-pro-vitamins is 
very limited in comparison with that of the 
irradiated product. 

This result is in conformity with the ob- 
servations of Schoenheimer e¢ al.® who 
showed that ergosterol is likewise less readily 


9 Schoenheimer, Behring 
Physiol. Chem., 1932, 208, 77. 

10 Bills, C. E., Cold Spring Harbor Sym. Quant. 
Biol., 1935, 3, 328. 


and Gottberg, Z. 
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absorbed from the intestinal tract than Vita- 
min De, produced from this pro-vitamin by 
irradiation. 

Summary. 1. 7-hydroxy-cholesterol when 
given subcutaneously to rats, that are subse- 
quently exposed to ultra-violet irradiation 
has a higher anti-rachitic effect than 7-de- 
hydro-cholesterol injected into rats under 
identical conditions. 2. 7-keto-cholesterol 
when given subcutaneously to rats that are 
subsequently exposed to ultra-violet irradia- 
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tion has equal or higher-anti-rachitic effect 
than 7-dehydro-cholesterol. 3. The per os 
introduction of 7-keto-cholesterol, 7-hydroxy- 
cholesterol and 7-dehydro-cholesterol into rats 
subsequently irradiated produces a lesser an- 
ti-rachitic effect than the subcutaneous injec- 
tion of similar amounts of the sterols under 
otherwise identical conditions. Activated 7- 
dehydro-cholesterol forming an exception as 
shown in a previous report. 
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A Sensitive Test for Fox Encephalitis Virus. 


(C. A. Evans, H. Y. YANAMURA, AND R. G. GREEN. 
From the Department of Bacteriology and Immunology, University of Minnesota, Minneapolis. 


Work with the virus of fox encephalitis 
has been hampered by the failure of this virus 
to cause visible illness or death in all infected 
animals. In a small series of from 5 to 10 
foxes or dogs, evidence of infection may be 
observable in from 0 to 100% of animals 
after the intramuscular or intracerebral in- 
jection of adequate doses of living virus. 
Such inconstant results make accurate titra- 
tions of virus or antiserum, or the test of the 
efficacy of a vaccine, so costly as to be im- 
practicable. 


The following experiments have been con- 
ducted in developing a sensitive test for fox 
encephalitis virus. It was believed that foxes 
that failed to show symptoms of infection 
after the injection of virus underwent in- 
apparent infections.1 Inasmuch as cells in- 
fected with the fox encephalitis virus develop 
characteristic, large, intranuclear inclusions, 
an attempt was made to place the virus in 
contact with susceptible cells that could be 
subsequently examined histologically. It is 
known that this virus attacks vascular endo- 
thelium, reticulo-endothelium of the liver, 
spleen, and lymph nodes, histiocytes, and 
certain specialized cells such as ependymal 
and hepatic cord cells. 


1Green, R. G., Katter, M. S., Shillinger, J. E., 
and Hanson, K. B., Am. J. Hyg., 1933, 18, 462. 


In our laboratory, fox encephalitis virus is 
routinely preserved as a 20% suspension of 
homogenized fox brains in 50% _ neutral 
glycerin. One such suspension, Lot 94, mixed 
with an equal volume of a similar suspension 
of liver from infected foxes was used in the 
first experiment. Just before injection, the 
tissue suspensions were diluted with 9 vol- 
umes of isotonic NaCl solution. 

A 3-fold approach to the problem was 
made by searching for inclusion bodies in 
(1) tissues at the site of subcutaneous and 
intramuscular injections, (2) lymph nodes 
draining such regions, and (3) cells of the 
eye after intra-ocular injection. Virus was 
injected into each of the 4 legs and into the 
floor of the mouth of 5 foxes. Tissue from 
the sites of subcutaneous and intramuscular 
injections (1 or 2 cc of 2% virus suspension) 
was removed at intervals of from 1 to 5 days 
and examined for inclusion bodies. The re- 
sults were consistently negative. It is prob- 
able that inclusions develop in such areas but 
are too hard to find to be of value in detecting 
small amounts of virus. 

From the same animals, lymph nodes 
draining the regions in which the inoculations 
had been made were removed at intervals of 
from 1 to 5 days. Grossly, a few of the 
lymph nodes were enlarged, edematous and 
hyperemic; others were normal. As shown 
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in Table I, inclusions were found regularly 
in lymph nodes from the axillary and iliac re- 
gions. It is probable that the lesser degree 
of success in finding inclusion bodies in 
lymph nodes from other areas could be 
ascribed principally to our failure to remove 
the correct node. -Thexresults indicated that 
examination of regional lymph nodes after 
injection of virus would prove a successful 
method of detecting fox encephalitis virus. 
This method was not studied further only 
because intra-ocular injection was found to 
be even more satisfactory. However, it seems 
probable that in the. case of some other 
viruses in which silent infections are an ob- 
stacle to investigation, utilization of lymph 
nodes in this manner will be of value. 
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All 5 foxes used in the preceding studies 
were also inoculated in the eye. Under ether 
: anesthesia a hypodermic needle was inserted 
through the sclera near the corneal margin 
and was passed forward into the anterior 
chamber. About 0.5 cc of aqueous humor 
was removed and an equal volume of virus 
suspension was injected. Eyes were removed 
at 24-hour intervals up to 4 days. Micro- 
scopic study of sections showed that all 10 
eyes contained cells bearing inclusion bodies. 
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At 24 hours the inclusion bodies were few 
and were identified only in cells in the region 
of the pectinate ligament. At 48 hours in- 
clusion bodies were common both in the angle 
of the anterior chamber and in endothelial 
cells lining the inner surface of the cornea. 
The number of inclusion bodies subse- 
quently increased and cells containing these 
structures were abundant in eyes removed on 
the fourth day. At this time the cornea 
was grossly opaque and of a light 
blue-gray color. In view of the fact that 
every injected eye showed conclusive evidence 
of infection, this method of detecting virus 
was chosen for further investigation. Inocu- 
lations of the eye are now made by inserting 
a needle through the conjunctiva and passing 
it forward in the subconjunctival space and 
through the cornea close to its junction with 
the sclera. This route reduces the incidence 
of hemorrhage. 
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Ciphers indicate that no inclusion bodies were seen. 


Development of Fox Encephalitis Inclusion Bodies in Lymph Nodes and Eyes of Foxes, 
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TABLE I. 


Fox No. 
30679 
30680 
30681 
30679 
30680 
30681 
30680 
30681 


i 

) 

3 

4 

5 
* Inflammation but no inelusion bodies. 
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Eyes of foxes removed 5 days after intra-ocular inoculation. 
in eyes 1 and 2 was active fox encephalitis virus. 


Inoculum 
In eyes 3 and 4 an equal 


amount of virus that had been inactivated by incubation with hyperimmune 
serum was injected. The opacity in eyes 1 and 2 is due only to changes in 


the cornea. 
tival exudate. 


The aqueous humor remains clear. 
The fibrin clot present in the anterior chambers in eyes 3 


There is very little conjunc- 


and 4 and dimly visible in some of the other eyes is a nonspecific reaction. 


Several years ago we devised a_ technic 
for demonstrating quickly the inclusion bod- 
ies of canine distemper in animals that hac 
died of that disease, by staining smears of 
bladder epithelium.? This technic has now 
been adapted to the demonstration of inclu- 
sion bodies in certain tissues of the eye. 
In fox encephalitis we ordinarily use the 
endothelium of the cornea and stain the 
smear with a modified Shorr’s stain.? Other 
stains are also satisfactory and other tissues 
of the eye can be studied by this method. 
All eyes that have shown gross evidence of 
fox encephalitis have been found positive 
when suitable smears of the corneal endothe- 
lium were examined. (See Fig. 2.) 

Titrations of fox encephalitis virus have 
been performed by the use of eye inoculation. 
Three different lots of brain virus (Lot 77, 
Lot 93, and a recently isolated strain of 
virus) were used. Serial, ten-fold dilutions 
were prepared in Ringer’s solution and the 
virus was injected into the anterior chamber 
of eyes of foxes. In each instance the virus 
was found fully active in a dilution of 10°. 
Subsequent further titration of Lot 93 showed 


2Green, R. G., and Evans, C. 
1939, 29, 35. 

3 Page, W. G., and Green, R. G., Cornell Vet., 
1942, 32, 265. 


A., Cornell Vet., 


Fig. 2. 
Intranuclear inclusion bodies of fox encepha- 
litis in a smear of corneal endothelium stained by 
a modification of Shorr’s stain. 


that no infection occurred at dilutions of 
10% or greater. The results of all such titra- 
tions are evident grossly, and are readily 
confirmed by smears at 5 days. Positive re- 
sults have not been obtained at a later time 
in eyes that were negative at 5 days. 

The smallest dose of virus that will cause 
an infection in the eye that is demonstrable 
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by microscopic study of sections and smears 
is sufficient to cause the typical opacity of 
the cornea and not uncommonly will result 
in death of the animal. 

Similar titrations have been made to de- 
termine the potency of antiserums. A speci- 
men of serum from a group of 5 foxes that 
had been given a long series of hyper- 
immunizing injections of virus was found 
to neutralize completely an equal volume of 
a 10°‘ dilution of virus. (See Fig. 1.) 

When virus is injected into one eye, it does 
not produce visible infection in the other 
eye. Even if the second eye is traumatized 
by the injection of some noninfectious prep- 
aration, there has been no crossing-over of 
the infection in our experience. However, it 
is possible that in the future such cross- 
infections will be observed occasionally. 

Summary. The difficulty involved in the 
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study of fox encephalitis because of the 
highly variable susceptibility of experimental 
animals to fatal infection has been overcome 
by the use of methods that produce demon- 
strable, although not always fatal, infection. 
Instillation of the virus in the anterior cham- 
ber of the eye leads~to infection of the eye 
while intramuscular or subcutaneous injec- 
tion leads to infection in the regional lymph 
nodes. Extensive studies on the _ intra- 
ocular method have revealed that it is 
so uniformly sensitive that accurate virus 
titrations and neutralization tests can be 
made. A positive result is manifested by the 
development of opacity in the cornea, which 
can be observed grossly and is readily con- 
firmed by the simple technic of demonstrat- 
ing characteristic inclusion bodies in smears 
prepared with scrapings from the inner sur- 
face of the cornea. 


14242 


Susceptibility of the Raccoon to Fox Encephalitis. 


R. G. Green, C. A. EVANS AND H. Y. YANAMURA. 


From the Department of Bacteriology and Immunology, University of Minnesota, Minneapolis. 


The virus of fox encephalitis has been 
shown to be characterized by a limited zoo- 
logic adaptation. In the past, only members 
of the family Canidae have been found sus- 
ceptible.t 

In a series of 5 experiments carried on 
over a period of 4 years, we used a total of 
28 raccoons in attempts to transmit fox en- 


one raccoon died and inasmuch as no inclusion 
bodies were found on microscopic study, the 
results of all experiments were considered 
negative. Reéxamination of the sections 
from this animal has recently shown that 
inclusion bodies were present in one area of 
meningitis. Using the technic of intra-ocular 
injection,?> we have now succeeded in infect- 


cephalitis to animals of this species. Only ing raccoons regularly. The earlier attempts 
TABLE I. 
Experiment No. of Dosage Site of 
No. raccoons ce =%* inoculation Results 
2097 5 15 10 Intracerebral 1 died 5 days after injection 
*'209Ta 10 10 5 Subcutaneous Remained well 
209Tb 4 Oma O) Cisterna magna 22 a 
2.0" 10 Intramuscular 
471 §) 0.56 10 Intracerebral 72 a8 


* Percentage of tissue in the inoculum. 


1Green, R. G., Ziegler, N. R., Carlson, W. E., 
Shillinger, J. E., Tyler, S. H., and Dewey, E. T., 
Am. J. Hyg., 1934, 19, 343. 

2 Evans, C. A., Yanamura, H. Y., and Green, 


R. G., Science, in press. 

38 Evans, C. A., Yanamura, H. Y., and Green, 
R. G., Proc. Soc. Exp. Biron. anp Mep., 1943, 
53, 183. 
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to infect raccoons were conducted as shown 
in Table I. The inoculum in each instance 
was a suspension of brain from foxes that 
died of fox encephalitis. 

Upon development of the technic of intra- 
ocular injection as a sensitive test for the fox 
encephalitis virus, it was decided to reéxplore 
the range of zoologic adaptation of this virus. 

Five normal adult raccoons were inoculated 
with fox encephalitis virus in the anterior 
chamber of the left eye (0.2 cc of a 1% 
pooled brain suspension, Lots 77 and 93, 
plus a recently isolated strain). At 48 
hours, the first evidence of infection was 
visible as a clouding of the cornea. 

At 72 hours, an inoculated eye was re- 
moved from one of the raccoons. Aqueous 
humor was inoculated into veal infusion broth 


Fig. 1. 


Appearance of the eye of a raccoon 6 days after 
inoculation of fox encephalitis virus into the an- 
terior chamber. The uninoculated eye remains 
normal. 
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and remained sterile. A smear of the corneal 
endothelium showed numerous typical inclu- 
sion bodies. The inoculated eyes of the 
other 4 raccoons all developed complete 
opacity of the cornea (Fig. 1). Two were 
removed on the fifth day and 2 on the sixth 
day. All showed numerous characteristic in- 
tranuclear inclusion bodies in the corneal 
smear. Culture of the aqueous humor in 
each instance was negative. On the fifth and 
sixth days, one raccoon showed _hyper- 
irritability and had convulsions, typical 
symptoms of fox encephalitis. Retransmis- 
sion was made of virus from this animal. 
Virus was shown to be present in the spleen 
by inoculation of the eyes of 2 raccoons, both 
of which were grossly and microscopically 
positive. Further transmission from the eye 
of one of these animals to the eye of another 
raccoon was also successful. 

Two of the raccoons in the original group 
of 5 inoculated on March 10 were subjected 
to surgical removal of the inoculated left eye 
at 3 and 6 days respectively. Both eyes were 
found to contain typical inclusion bodies of 
encephalitis. Thirty-six days after inocula- 
tion, these animals were given a second in- 
jection of encephalitis virus as a test for im- 
munity. Two-tenths of a cc of a 10% dilu- 
tion of virus (pooled fox brain, Lot 93) was 
injected into the anterior chamber of the 
right eye. This dose constitutes about 10 
minimal infective doses for the eye of a fox. 
Both animals were killed 5 days later. At this 
time the cornea was clear and no inclusions 
could be found in smears of the corneal 
endothelium. 

Conclusion. Although raccoons are rela- 
tively resistant to fox encephalitis, they are 
susceptible to invasion by the virus, as shown 
by a positive intra-ocular test, by demonstra- 
tion of the virus in the spleen of 1 animal 
showing typical symptoms, and by the de- 
velopment of immunity as evidenced by 
negative intra-ocular tests 36 days after the 
original inoculation. 
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Electrophoresis and Antibody Nitrogen Determinations of a Cold 
Hemagglutinin.* 


DANIEL STATS, Ety PERLMAN, JESSE G. M. BuLLowaA, aND RuTH GOODKIND. 
From the Medical Service, Harlem Hospital, New York City. 


We have recently reported a case of gan- 
grene of the tips of the fingers and toes in a 
patient whose blood contained extremely po- 
tent cold hemagglutinins.t During the in- 
vestigation of this case, studies relative to 
electrophoresis and cold hemagglutinin anti- 
body nitrogen determinations were carried 
out. They are reported because such details 
have not been published hitherto. 

That cold hemagglutinins are in the globulin 
fraction of plasma proteins was suggested by 
Landsteiner? in his careful study of this anti- 
body. Clough and Richter? and Koepplin,*® 
using salt precipitation procedures, came to 
similar conclusions. 

Methods and Results. 1. Electrophoresis. 
50 ml of venous blood were clotted firmly for 
several hours at 37°C. Using aseptic tech- 
nic, the serum was separated from the clot 
and divided into equal portions. One was 


* These studies received support from the Lit- 
tauer Fund of New York 
University College of Medicine, the Metropolitan 
Life Insurance Company, and from Mr. Bernard 
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M. Baruch, Mr. Bernard M. Baruch, Jr., Miss Belle 


N. Baruch, and Mrs. H. Robert Samstag. 

1 Stats, D., and Bullowa, J. G. M., Arch. Int. 
Med., to be published. 

2 Landsteiner, K., Muenchen. med. Wchnschr., 
1903, 50, 1812. 

3 Clough, M. C., and Richter, I. M., Bull. Johns 
Hopkins Hosp., 1918, 29, 86. 

4 Koepplin, F., Z. f. klin. Med., 1936, 129, 512. 

5 Koepplin, F., Z. f. klin. Med., 1936, 130, 784. 

+ Erythrocyte ghosts were prepared by nemolyz- 
ing packed saline-washed red blood cells with 10 
18% sodium chloride 
’ solution was added to raise the tonicity to 0.9% and 
the hemolyzed cells were then centrifuged. After 
decanting the supernatant hemoglobin solution, the 
procedure of hemolysis by water and removal of 
hemoglobin was repeated 7 or 8 times to secure the 
Before use in 
absorption tests, they were washed 4 times with 
0.85% sodium chloride solution. 


volumes of distilled water. 


ghosts almost free of hemoglobin. 


stored at 4°C. The other portion was sub- 
jected to 6 absorptions at 4°C using homol- 
ogous “erythrocyte ghosts.”’t 


The agglutinated erythrocyte ghosts were 
separated from the serum by centrifugation 
at 4°-8°C. By this method the serum ag- 
glutinins were partially removed. The cold 
hemagglutinin titer of the unabsorbed serum 
was 1/2560 at 4°C; whereas the titer of the 
absorbed serum was 1/320 at 4°C. Further 
exhaustion of the absorbed serum was not 
attempted because of the prolonged centrifu- 
gation which would have been required to 
separate the weakly agglutinated ghosts from 
the serum. The multiple absorptions had not 
altered the color of the serum. (The absorp- 
tions were carried out under aseptic con- 
ditions). 

The two samples of serum were then di- 
luted separately, with diethylbarbituric acid- 
sodium hydroxide buffer of pH 8.63 and ionic 
concentration 0.10, to reduce their protein 
content to 1.5 g per 100 ml. Each sample 
was then placed in a cellophane bag and 
dialyzed against the buffer at 4°C for 3 days 
until salt equilibrium had taken place. (In 
this part of the experiment asepsis was not 
maintained). 

At the conclusion of the dialysis, electro- 
phoretic patterns of each ‘serum were made 
and are reproduced in Fig. 1 and 2. 

The electrophoretic curves were obtained 
by the method described by Longsworth, 
Shedlovsky and MacInnes.°  Planimetric 
measurements are indicated beneath each of 
the figures. There is a 16% decrease in 
gamma globulin concentration after absorp- 
tion, the areas of the other components main- 
taining the same ratio to the area of the al- 
bumin component. We interpret this to. 
mean that a portion of the gamma globulin 


6 Longsworth, a ae Shedlovsky, T., and Mae- 
Innes, D. A., J. Hap. Med., 1939, 70, 399. 


ELECTROPHORESIS AntTizopy NirroGEN CoLp HEMAGGLUTINATION 


FIGURE 1. Descending electrophoretic 
pattern of unabsorbed serum. 
Area under albumin=170 (arbitrary plani- 
meter units) 
Area under Yelobulin =87.5 (arbitrary pla- 
nimeter units) 
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FIGURE 2. Descending electrophoretic 
pattern of the absorbed serum. 
Note: The changes in theg@l,d2 
and 8 fractions were not signif- 
icant. 
Area under albumin =150 (arbitrary plani- 
meter units) 
Area under Yslobulin =64.5 (arbitrary pla- 
nimeter units) 


of the absorbed serum had been removed and 
that the cold hemagglutinins have the same 
mobility as gamma globulin. 

2. Cold hemagglutinin antibody nitrogen. 


1 ml of packed erythrocyte ghosts, almost. 


free of hemoglobin, prepared as in the pre- 
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vious experiment was mixed with 5 ml of 
serum obtained from blood clotted at 37°C. 
The mixture was placed at 4°C for 6 hours. 
The ghosts were tightly agglutinated on the 
surface of the serum. After removal of the 
serum, 5 ml of ice cold 0.85% saline solution 
was added to the ghosts. The temperature 
was maintained at 4°C. This saline (1st wash- 
ing) was replaced with 5 ml of fresh cold 
saline (2nd washing), etc., until the ag- 
glutinated ghosts had been washed 4 times. 
Throughout all of these procedures, the tem- 
perature did not rise above 6°C and was 
maintained as close to 4°C as possible. 

The packed agglutinated washed ghosts 


were resuspended in 2 ml of 0.85% saline 


solution and placed in the water bath at 
37°C. In a few minutes the agglutination 
broke up and the ghosts were freely dispersed. 
After 30 minutes, during which time the tube 
was shaken several times, the tube was cen- 
trifuged at room temperature. The super- 
natant clear saline solution was removed 
(resuspended antibody). 

One ml of packed washed normal ghosts 
was mixed with 2 ml of 0.85% saline solu- 
tion and kept at 4°C for one hour. The tem- 
perature was then increased to 37°C for one 
hour and the tube centrifuged at 22°C. 

Cold hemagglutinin titrations of the orig- 
inal serum, the 4 washings and the resus- 
pended antibody were performed according 
to the technic previously described.t Total 
nitrogen determinations of the washings, re- 
suspended antibody, saline solution and saline 
solution which had been in contact with nor- 
mal ghosts were performed by a micro- 
Kjeldahl technic. 

Chart I summarizes these results. 


CuHarrT I. 


Titer cold Total nitrogen 


Specimen hemagglutizins mg/ml 
1st washing 1/40 0.614, 0.722 
Pye Mee 1/20 0.153, 0.146 
3rd ay 1/10 0.059, 0.060 
4th ay 1/10 0.035, 0.028 
Resuspended antibody 1/2560 1.483, 1.464 
Original serum 1/5120 


Saline solution — 0.009, 0.003 
Saline solution in con- 

tact with normal 

ghosts a 0.004, 0.004 
Blank for reagents 0.027, 0.034 


(Blank has been deducted) 
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The high nitrogen values for the washings 
are due to non-antibody protein of the serum. 
The progressive reduction in the values indi- 
cates the removal of this protein by successive 
dilution. The possibility that non-antibody 
protein was non-specifically taken up in the 
lattice of agglutinated ghosts cannot be ex- 
cluded. Therefore a portion of the nitrogen 
in the resuspended antibody may not repre- 
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sent antibody nitrogen. 

Summary, Study of a human cold hemag- 
glutinin revealed: 

1. The cold hemagglutinin had the electro- 
phoretic mobility of gamma globulin. 2. A 
cold hemagglutinin titer of 1/2560 at 4°C 
was equivalent to 1.473 mg per ml of anti- 
body nitrogen. 
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Metabolism of Sulfapyridine in the Dog. 


C. J. WEBER, J. J. LALIcH, AND R. H. Major. 


From the Hixon Laboratory for Medical Research, University of Kansas, School of Medicine, 
Kansas City, Kansas. 


The therapeutic efficacy of the sulfona- 
mides has stimulated an interest in the pos- 
sible changes these compounds may undergo 
in the animal body. It is well known that 
the sulfonamides are acetylated in the human 
body and in this form they are relatively in- 
active. However, it is possible that other 
forms of conjugation or alteration in struc- 
ture may occur which might modify their 
toxicity or activity. 

Scudit reported the isolation from dog 
urine of an hydroxysulfapyridine conjugated 
with glucuronic acid following the ad- 
ministration of sulfapyridine. No details 
were given on the isolation of this compound 
nor data concerning the probable position of 
the hydroxy group. Thorpe, Williams, and 
Shelswell’ have suggested the possibility that 
the hydroxyl group might be introduced in 
the animal body in either the 2 or 3 position 
of the benzene ring of the sulfonamide. 

Our interest in this problem was aroused 
when we were unable to isolate from the urine 
sulfapyridine as the reduction product of 
2-(p-nitrobenzenesulfonamido) pyridine when 
the latter compound was administered orally 
to dogs. The same difficulty was encountered 
when sulfapyridine was administered. Sulfa- 


1 Seudi, J. V. Science, 1940, 91, 486. 
2 Thorpe, W. V., Williams, R. T., and Shelswell, 
Biochem. J., 1941, 35, 52. 


pyridine added to urine can be isolated read- 
ily by prolonged ether extraction. We there- 
fore, decided to attempt the isolation of the 
diazo reacting substances which are excreted 
in dog urine when sulfapyridine is adminis- 
tered orally. The values given for diazo re- 
acting substances in the urine are those de- 
termined by the Bratton and Marshall* 
method, using sulfapyridine as a standard. 
Four dogs were given orally 5 g of sulfa- 
pyridine daily for 4 days and the urines were 
collected daily for 6 days, and preserved with 
chloroform. The combined urines gave a 
total sulfapyridine value of 67 g and no in- 
crease in color was obtained after acid hy- 
drolysis indicative of the fact that the dog 
apparently does not conjugate any of the 
sulfapyridine as an acetyl derivative. Pro- 
longed ether extraction in a continuous ex- 
tractor for 9 hr resulted in the extraction of 
9 g of diazotizable material as determined 
colorimetrically. When small quantities were 
extracted with ether in a more efficient ex- 
tractor, 16.5% of the total diazotizable ma- 
terial was extracted by ether and 13.8% was 
extracted in the first 3 hours. This value of 
16.5% probably represents the total amount 
of sulfapyridine which is excreted uncon- 
jugated. The gummy material extracted with 


3 Bratton, A. C., and Marshall, E. K., Jr., 
J. Biol. Chem., 1939, 128, 537. 
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ether yielded a total of 2 g of crystalline 
material which melted at 190-191°C and no 
depression of the melting point was produced 
when mixed with sulfapyridine. The nitro- 
gen content (Kjeldahl) was 16.5% (calcu- 
lated for sulfapyridine 16.8%). 

The urine extracted with ether was treated 
with an excess of lead acetate and the mixture 
acidified with acetic acid. The heavy pre- 
cipitate obtained was filtered off. The filtrate 
was made alkaline with sodium hydroxide 
(10%) and the precipitate of lead hydroxide 
obtained, was filtered off and the filtrate dis- 
carded. The lead precipitate was suspended 
in water and the lead removed with hydrogen 
sulfide. The filtrate from the lead sulfide 
containing 45 g of diazotizable material or 
67% of that present in the original urine. 
A portion of this filtrate containing the equiv- 
alent of 9 g sulfapyridine was treated with 
silver nitrate which produced a heavy floccu- 
lent precipitate. This precipitate was filtered 
off and resuspended in boiling water which 
dissolved the greater part and from which 
it would again precipitate on cooling. This 
precipitate was collected and dried im vacuo. 
On analysis it showed a silver content of 
29.6%, nitrogen content of 6.45% and a color 
value equivalent to 35.2% sulfapyridine. On 
hydrolysis with N HCl the solution reduced 
Benedict’s solution and the glucose equivalent 
was 40.1%. This compound is probably the 
silver salt of a glycuronic acid conjugate of a 
sulfapyridine derivative, which has been de- 
scribed by Scudi,! although we were never 
able to isolate a crystalline product or one 
that gave a constant silver value, the silver 
contents varying from 26.7% to 29.5%. 

The remainder of the lead free filtrate was 
evaporated to 1000 cc and 100 g sodium 
hydroxide was added and mixture refluxed 
for 5 hours. This hydrolyzed solution was 
neutralized to approximately pH 6.5 and 
extracted with ether in a continuous ex- 
tractor for 24 hours. During the ether ex- 
traction a crystalline product separated from 
the ether. A total of 26.2 g of crystalline 
material was obtained. This was dissolved 
in acetone by addition of water. The ma- 
terial was light pink and on drying in vacuo 
lost its crystalline appearance and approxi- 
mately 10% in weight. It gave a positive 
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diazo reaction and gave a color equivalent to 
sulfapyridine of 89%. Ferric chloride gave 
a deep purple color which changed rapidly to 
dark brown. It melted at 190°C and a de- 
pression of the melting point was produced 
when mixed with sulfapyridine. The nitro- 
gen content was 15.6%. 

14 g of the above compound was re- 
fluxed with 100 cc 10% hydrochloric acid 
for three hours. The material went com- 
pletely in solution but after 2 hours of boiling 
a crystalline material began to precipitate. 
The mixture was cooled overnight and the 
crystalline material separated and dried. 
After recrystallization from water 5.2 g of 
crystalline material was obtained. This ma- 
terial gave a positive diazo reaction and gave 
a color value equivalent to that given by 
sulfanilic acid. The FeCl3 test was negative. 
The M.P. was above 300°C. The nitrogen 
content (Kjeldahl) was 7.91%, calculated 
for sulfanilic acid 8.09%. 

The acid filtrate from the above crystals 
was treated with an excess of picric acid. The 
copious precipitate was filtered off and dried. 
Recrystallization from water gave prism- 
shaped crystals which melted at 212° and the 
melting point was depressed when mixed with 
2-amino-pyridine picrate. The picrate was 
suspended in water acidified with HCl and 
the picric acid removed with ether. The ex- 
tracted solution was evaporated to dryness 
and the residue readily dissolved in 15 cc 
absolute alcohol. The cautious addition of 
ether resulted in the appearance of crystals 
and then 10 volumes of ether was added. On 
recrystallization, 2.85 g of crystalline ma- 
terial was obtained. It gave a strong positive 
FeCls test, negative diazo test, and melted 
at 126°C. Analysis: Cl-23.7%; Nitrogen 
(Kjeldahl) 18.7%. Calculated for 2-amino- 
hydroxy-pyridine hydrochloride—Cl 23.5%, 
nitrogen 19.11%. Our data indicate that 
sulfapyridine is excreted in dog urine largely 
combined with a reducing substance presum- 
ably glucuronic acid. Alkaline hydrolysis of 
this compound results in the liberation of a 
compound giving a positive ferric chloride 
test indicative of the presence of an hydroxyl 
group. Acid hydrolysis of this compound 
permitted the isolation of sulfanilic acid and 
a pyridine residue which gives a positive 
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ferric chloride test. Therefore the dog ap- 
parently metabolizes sulfapyridine in greater 
part by introducing an hydroxyl group in the 
pyridine ring and then conjugating with a 
carbohydrate. This hydroxy derivative pos- 
sesses some therapeutic effect in mice injected 
with hemolytic streptococcus and produces 
bacteriostasis in vitro, but the efficacy is less 
than that of sulfapyridine. ~ As much as 80% 
of the diazo reacting compounds appearing 
in dog urine following the ingestion of sulfa- 
pyridine is in the form of this glycuronide. 
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Only a small portion which probably is not 
greater than 16 percent is excreted as sulfa- 
pyridine. At least in the dog no hydroxyl 
group is introduced in the benzene ring and 
this is further verified by the fact that sulfa- 
nilamide is excreted without change. 

Summary. The ingestion of sulfapyridine 
in the dog is-followed by the appearance in 
the urine of a glycuronide of a hydroxy de- 
rivative of sulfapyridine. The hydroxy group 
is attached to the pyridine ring. 
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Enhancement with Phenol of the Serological Reactivity of Lympho- 
granuloma Venereum Antigens. 


(CLARA NicG AND Betty M. Bowser. 


(Introduced by W. E. Bunney.) 


From the Laboratories of E. R. Squibb and Sons, New Brunswick, NJ. 


Three types of complement-fixing antigen 
prepared from yolk sac cultures of the agent 
of lymphogranuloma venereum have been 
described; viz., (1) resuspended high speed 
sediment,! (2) soluble antigen in high speed 
supernates,” (3) whole suspensions inactiv- 
ated with urea or ether. The third type was 
approximately four times as active as high 
speed sediment. 

Attempts by one of the authors (Nigg) to 
find a satisfactory preservative for lympho- 
granuloma venereum complement-fixing anti- 
gens, showed that phenol enhanced the ac- 
tivity of the antigen specifically since such 
phenolized antigens did not react with normal 
sera. This observation was studied further 
and is the subject of this note. 

Table I shows the complement-fixing ac- 
tivity of a 10% yolk sac suspension treated 
with (a) 2% urea, (b) 0.25% phenol and 
(c) 0.5% phenol. Preparations were stored 


1 McKee, C. M., Rake, G., and Shaffer, M. F., 
Proc. Soc. Exp. Bron. AND MEp., 1940, 44, 410. 

2 Rake, G., Shaffer, M. F., Jones, H. P., and 
McKee, C. M., Proc. Soo. Exp. Bron. anp MEp., 
1941, 46, 300. 

3 Nigg, C., Proc. Soc. Exp. Bion. anp Mep., 
1942, 49, 132. 


at icebox temperatures. Two separate frac- 
tions of suspension 56 when treated with 
0.25% phenol failed to show increased ac- 
tivity when tested 8 to 30 days later. Two 
fractions treated with 0.5% phenol were 4 
and 8 times respectively as active as the 
urea-treated antigen. 

While 0.25% phenol had little enhancing 
effect at icebox temperatures, Table II shows 
approximately a 4-fold increase in activity 
when these suspensions were subjected to the 
following temperatures: (a) 37°C for 6 
weeks (not tested earlier), (b) 56°C for 48 
hours, and (c) boiling water for 10 minutes. 
Furthermore, the centrifuged (2,000 rpm for 
10 minutes) supernates of the heated suspen- 
sions were almost as active as the whole 
heated suspensions. This represents a con- 
siderable purification since the _ slightly 
opalescent supernates, after removal of tissue 
debris and coagulated protein, were almost 
as active as the whole heated turbid suspen- 
sions. 


That the phenol enhancement is apparently 
specific is shown in diagnostic tests (Table’ 
III) with positive and negative sera, com- 
paring 2 phenolized antigens with urea- 
treated antigen. Antigen 57-H was treated 
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Effect of Phenol on the Complement-fixing 
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TABLE Tf. 
Antigen of Lymphogranuloma Venereum. 
L.V. serum pool 12 (1-60) Interval 
= between 


Antigens: Y 
10% suspensions 


Antigen dilutions: 


preparation and 


treated with: 1-200 1-400 1-800 1-1600 1-3200 1-6400 testing, days 
2% urea: 56-1 4+ 44+-w 1+ 0 ; . ot is 
0.25% phenol: 56-2 am 4+ 1-2 ) 30 
56-5 4+ 4+ 3-44 tr 8 
0.5% phenol 56-7B 4+ 4+ 4+ 4+ 8 
a a> 44+ 4- a+ 2 0 37 
56-8 44+ 4+ toe oS 2+ 7 
bi 4+ 44 44 4+ 4+ 2+ 28 
Results are stated in terms of the degree of fixation. ae ai ot A 
TABLE II. 
Effect of Temperature on Phenolized Complement-fixing Antigens of Lymphogranuloma 
Venereum. 
L.V. serum pool 12 (1-60) 
Antigens: - — 


10% suspensions 


Antigen dilutions: 


treated with: Temperature exposure 1-200 1-400 1-800 1-1600 1-3200 1-6400 
2% urea 
2 56-1 Icebox 8 wk 44 4+ i+ 0 
0.25% phenol: 
56-2 Teebox 6 wk 44+ 4t 38t+tw 0 
ay Room temperature 6 wk 4+ Ce 38+w 0 
” 37°C 6 wk 28 i en at Ua age Say 
2% urea 
57-1 Teebox 5 wk 4t 4tw 0 
0.25% phenol: 
57-F-5a 56°C 48 hr Whole susp 4+ 4+ 4+ 34+ 1-2 0 
Supernate 4+ 4+ 4tw i+ 0 0 
57-F-5b Boiled 10 min. Whole susp. 4+ 4+ 4+ 44+ 4-24 0 
Supernate 4+ 4+ 4+ 0 


4t+w 14+ 


with 0.25% phenol at 56°C for 18 hours. 
- Antigen 57-F-6a is the slightly opalescent 
supernate from a boiled suspension likewise 
containing 0.25% phenol. These 3 antigens 
were prepared from the same initial 10% 
yolk sac suspension. One unit of each an- 
tigen, determined by preliminary titration, 
was used. The enhancement is apparently 
specific since suspensions of normal yolk sac 
treated in identical manner do not give fixa- 
tion even in a 1-250 dilution. The anticom- 
plementary activity of all antigens and sera 
was ruled out by appropriate controls. 


Discussion. The enhanced complement- 
fixing activity of phenolized suspensions is of 
considerable practical significance; viz., (1) 
the activity is increased from 4 to 8 times, 
(2) objectionable turbidity is removed, and 
(3) phenol acts as an effective preservative 
without the deleterious effect produced by 


formalin, e.g.,2> and (4) thermostability fa- 
cilitates shipping these antigens without re- 
frigeration and their use in warm climates. 

Information has also been obtained re- 
garding the nature of the complement-fixing 
substance, viz., (1) its stability at boiling 
temperature, (2) its activation by phenol and 
(3) its properties which are not characteristic 
of native proteins. Studies on the chemical 
nature of the active substance are in progress. 

In a limited number of tests with sera from 
early syphilis non-specific fixation was never 
encountered with the phenolized antigens, 
whereas it was frequently observed with both 
the resuspended high speed sediment* and 
urea-inactivated antigens.° 


4 Shaffer, M. F., Rake, G., Grace, A. W., McKee, 
C. M., and Jones, H. P., Am. J. Syph., Gon., and 
Ven. Dis., 1941, 25, 699. 

5 Nigg, C., unpublished data. 
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TABLE III. 
Comparison of Phenolized Antigens with Urea Antigen in Diagnostic Tests for Lymphogranu- 
loma. venereum. 


Antigen 57-H treated with 0.25% phenol 


at 56°C 18 Ihr (1-1000) 
Serum dilutions: 


Control antigen 11-C treated 
with 0.25% phenol at 56°C 18 
hr (1-1000) 

* 


Sera 1-5 1-10 1-20 1-40 1-80 1-160 
18} ++ 4+ 44+ 2+ 0 
Re 4+ 44 4+ 2-34 0 
Ga 4tw 2-3+ 0) 0 
0 0 


BB 


Supernate of antigen 57-F-6a treated with 
0.25% phenol, boiled 10 min (1-1000) 


Supernate of control antigen 
11-B treated with 0.25% phenol, 
boiled 10 min (1-1000) 


13 4+ 4+ 4+ 3-44 0 
Re hte era ed ates «324 Oe 0 
Ga 3-4 2+ 0 0 
BB 0 0 
Control antigen 9-10 treated 


Antigen 57-1 treated with 2% urea (1-200) 


with 2% urea (1-200) 


13 4+ 4+ 4tw 3-4+ 0 
Re 44 4+ 4+ 3-4+ 0 
Ga 3-4 2+ 0 0 
BB 0 0 


* The lowest dilution of serum which was used with the specific antigen was used in testing 
the control antigens which were prepared from normal yolk sacs. 


The purified phenolized antigens may pos- 
sibly eliminate, to a certain extent at least, 
the cross reactions which preclude differential 
serological diagnosis in the lymphogranulo- 
ma-psittacosis group.®1° Similar enhance- 


6 Rake, G., Eaton, M. D., and Shaffer, M. F., 
Proc. Soc. Exp. Bron. AND Mep., 1941, 48, 528. 

7 Haton, M. D., Martin, W. P., and Beck, M. D., 
J. Exp. Med., 1942, 75, 21. 

8 Eddie, B., and Francis, T., Jr., Proc. Soc. 
Exp. BioL. AND MeEp., 1942, 50, 291. 

9 Rake, G., Jones, H. P., and Nigg, C., Proc. 
Soc. Exp. Biot. AND Mep., 1942, 49, 449. 

10 Levine, S., Holder, E. C., 
J.G. M., J. Immunol., 1943, 46, 183. 


and Bullowa, 


ment with phenol might obtain with antigens 
of other members of this group. 

The identity of the skin-reactive and com- 
plement-fixing antigens is being investigated 
in codperation with Dr. A. W. Grace, by com- 
paring in Frei tests the purified phenolized 
antigens with other yolk sac antigens. 

The exact conditions which produce phenol 
enhancement are not yet thoroughly under- 
stood. Occasional preparations have been 
encountered in which enhancement was com- 
paratively slight with the same concentration 
of phenol which regularly gave marked en- 
hancement of other preparations. That the 
pH influences the degree of enhancement is 
indicated by preliminary experiments. 
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Chromatin Structures Suggesting a Nuclear Apparatus in the Large 
Bodies of B. funduliformis.*+ 


L. DIENES AND WILLIAM E. SMITH. 


From the Department of Pathology and Bacteriology, Massachusetts General Hospital, and the 
Robert W. Lovett Memorial Fund, Harvard Medical School, Boston, Mass. 


Ledingham! indicated the presence of 
“nucleus like” chromatin bodies in the large 
swollen forms of the organism of bovine 
pleuropneumonia. Klieneberger and Smiles? 
and Klieneberger® studying the mode of re- 
production in the pleuropneumonia group ob- 
served that the chromatin divides and is dis- 
tributed into the new cells, This chromatin 
gives the Fuelgen reaction indicating the 
presence of nucleic acid and Klieneberger at- 
tributes nuclear character to this material. 

We have seen exactly similar chromatin 
material in the large bodies of various bac- 
terial species. We have been able to study 
it best in 3 strains of Bacteroides funduli- 
formis because of the regularity with which 
these strains produce large bodies® and be- 
cause of the excellent staining of their chro- 
matin material. Pleuropneumonia-like (L) 
colonies frequently appeared among the or- 
dinary bacterial colonies of 2 of these strains. 

The present report deals with studies made 
on 1 of these strains which we have desig- 
nated as Strain No. 132. This strain has 
been carried through more than 50 subcul- 
tures and continues to produce L variants in 
abundance. These L variants have been 
isolated in pure culture. They did not revert 
to their parent bacterial form throughout 30 


* The expenses of this investigation have been 
defrayed in part by a grant from the Common- 
wealth Fund. 

+ This is publication No. 71 of the Robert W. 
Lovett Memorial Fund for the study of crippling 
disease. 

1lLedingham, J. C. G., J. Path. Bact., 1933, 
37, 393. 

2 Klieneberger, E., and Smiles, J., J. Hygiene, 
1942, 42, 110. 

3 Klieneberger, E., J. Hygiene, 1942, 42, 485. 

4 Dienes, L., J. Bact., 1942, 44, 37. 

5 Dienes, L., and Smith, W. E., Proc. Soc. Exp. 
Bion. AND Mep., 1942, 51, 297. 


subcultures on agar. 
anaerobic, 
forms. 

The chromatin in the bacilli and in the L 
forms is best seen in preparations made by a 
modification of Klieneberger’s agar fixation 
technic. Agar blocks bearing the organisms 
are inverted onto cover slips and fixed for 
several days with Bouin’s solution. The agar 
is then peeled away and the cover slip rinsed, 
stained with Giemsa, differentiated with as- 
citic fluid and mounted in balsam. The cover 
slip should never be allowed to dry until just 
before mounting, as shrinkage makes it im- 
possible to see the precise distribution of 
chromatin within the organisms. 

In broth, Strain 132 grows in the form of 
regular bacilli which swell up after 9 to 20 
hours into large round bodies. The further 
development of these large bodies is best fol- 
lowed by transferring them to ascitic agar 
plates on which they produce either a /bac- 
terial or a pleuropneumonia-like colony. In 
a previous note® we described the fractiona- 
tion of some of the large bodies into bacilli 
or the extrusion of multiple filaments which 
then segmented into bacilli. From other 
large bodies, small granules were observed to 
grow out and these developed into pleuro- 
pneumonia-like colonies. 

With more experience in staining, it was 
seen that the large bodies contain deeply 
stained chromatin material embedded in a 
lightly stained material which may be most 
conveniently designated as cytoplasm. As 
illustrated in the photographs, the chromatin 
may be present in the form of discrete gran- 
ules, in thread-like branching masses or in a 
single dense mass. When the large bodies 
reproduce ordinary bacilli, it was seen that 
they extrude tongues of “cytoplasm” and the 
chromatin grows out into these cytoplasmic 
filaments, which then segment to yield the 


They were strictly 
just as their parent bacterial 
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CHROMATIN STRUCTURES IN LARGE BopiEs 


Fig. 1. 
All photographs were made from Giemsa-stained preparations with high magnificatioa 


(3000 X). 


bands or condensed to compact masses. 
in bands. 


teria. See following note. 


increased in size. 


1. Large bodies in a 24-hr broth culture. 
granules. 2. Same culture as 1 after 6 hrs incubation on ascitic agar. 
3. Same preparation as 2, 
The indentation in one of the large bodies indicates its development from two bac- 
4. Same preparation as 2. 
to extrude bacterial filaments into which the chromatin is growing. 

of the chromatin before the large bodies disintegrate into bacteria. 
614 hrs incubation on ascitic agar. 


The chromatin is present in diserete 
The chromatin is ia 
The chromatin is present 


The large body is deformed and begins 
5 and 6. Fractionation 

The large bodies are 
7. Same preparation as 5 and 6. Bae- 


teria produced by disintegration of the large body. Every bacterium has one or more chromatin 


granules. 


8 and 9. Large bodies with chromatin condensed into a few large masses. 


3 hrs 


incubation on ascitic agar. 10, 11, 12. Growth of pleuropneumonia-like colony starting from 


the large chromatin granules. 


bacilli. The development of bacilli is often 
preceded by the breaking up of the chromatin 
into granules which are distributed into the 
bacteria. Frequently, the “cytoplasm” frac- 
tions into masses around the chromatin gran- 
ules and bacilli are thus formed within the 
large body. The chromatin is present in the 
bacilli as small discrete granules or elongated 
masses. When the large bodies reproduce 
pleuropneumonia-like colonies, there is no 


3 hrs incubation on ascitic agar. 


extrusion of cytoplasmic filaments and the 
chromatin is seen in 1 or several large masses. 
These masses extrude fine chromatin fila- 
ments which become nodular and give rise to 
the pleuropneunionia-like growth. 

These observations support the view that 
the chromatin has a nuclear character and 
that it is connected both with the reproduc- 
tion of bacteria and of the L type of growth. 
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Elimination of Ulcerative Cecitis from a Rat Colony by Chemotherapy 
ot Mothers. 


ARTHUR L. BLOOMFIELD. 
From the Department of Medicine, Stanford University School of Medicine, San Francisco, 


California. 


In a previous paper! we showed that ad- 
ministration of sulfaguanidine to the mothers 
during pregnancy and lactation largely pre- 
vented the development of ulcerative cecitis 
in the young of rats. The experiments were 
carried on under special controlled condi- 
tions, but their real object was to devise a 
method whereby, in practice, cecitis could be 
eliminated from a rat colony in which the 
disease had been highly prevalent for several 
years. The present report describes the out- 
come of such a practical trial. 

Ulcerative cecitis, thoroughly described in 
the recent literature,? “broke out” in the 
Stanford.rat colony in 1940. Young rats 
were not affected but from the age of 6 
months on from 50 to 80% of the animals 
showed the disease, usually in an advanced 
stage. It was impossible to continue the 
regular work of the laboratory. Between 
September 1941 and June 1942 a large num- 
ber of stock animals were killed to determine 
the actual incidence of cecitis. It should be 
emphasized that during this entire period 
there was no evidence of a spontaneous de- 
crease of the disease. The results of this 
survey are shown in Table I. From Feb- 
ruary 1942 on, all the females used for 
breeding received 0.5% sulfaguanidine in 


their stock ration during pregnancy and lac- 
tation. This procedure is still being contin- 
ued at the present time (May 1943). Be- 
tween January and May 1943 stock rats born 
of the mothers treated with sulfaguanidine, 
but having themselves received none of the 
drug, were sacrificed in order to compare 
them with the controls from untreated 
mothers. The results are also shown in 
Table I. 


It is seen that in rats from 4 to 8 months 
old the over all incidence of cecitis was re- 
duced from 55% to 4.5%. Furthermore the 
few animals from treated mothers which de- 
veloped cecitis showed the Cisease only in 
mild form. 


Conclusions. We have previously shown 
that ulcerative cecitis of rats can be pre- 
vented by adding sulfaguanidine to the food 
ration. The present observations indicate 
that the disease may be largely eliminated 
from a colony in which it is endemic by treat- 
ment of the mothers during pregnancy and 
lactation only. This procedure effects an 
economy of chemotherapy which reduces the 
expense to a reasonable level. These obsery- 
ations confirm and amplify those previously 
reported. 


TABLE I. : 
Reduction of Incidence of Ulcerative Cecitis in a Rat Colony after Treating Mothers with 
: Sulfaguanidine. 
oo ooooooooe=~ooaaaaaeeeeeee—aa 
Age when sacrificed (mo) 2-3 3-4 4-5 5-6 6-7 7-8 
Controls from Untreated Mothers. 
No. of animals 24 27 50 57 52 75 
No. with cecitis 1 (4.2%) 2(7.5%) 22 (44%) 31(54%) 26 (50%) 50 (66%) 
Animals from Mothers Who Received Sulfaguanidine. 
No. of animals 32 45 22 33 


No. with cecitis 


- 


1 Bloomfield, A. rt, and Lew, W., Am. Ok . Med. Se., 
1943, 205, 383. 


All rats 4-8 months old from untreated mothers 234, incidence of cecitis 55.0%. * 
All rats 4-8 months old from treated mothers 132, incidence of cecitis 4.5%. 


1(3%)  3(6.5%) 0(0.0%) 2 (6.0%) 


2 Stewart, ns Re and Jones, B. F, ‘Arch. Path.. 
1941, 31, 37. 
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Action of Strophanthidin-3-propionate, -butyrate, and -benzoate. 


FRANK A. STELDT, RoperT C. ANDERSON, Nita Mazz, AND K. K. CHEN, 
From the Lilly Research Laboratories, Eli Lilly and Company, Indianapolis. 


The secondary hydroxy group on carbon 
atom 3 of cardiac aglycones is chemically 
very reactive. By the interaction of a mole- 
cule of sugar with the aglycone at this posi- 
tion, synthetic glycosides of strophanthidin, 
digitoxigenin, digoxigenin, and periplogenin 
were successfully prepared at the Department 
of Chemistry, Columbia University under 
the direction of Professor Robert C. Elder- 
field? It has been showy** that these syn- 
thetic glycosides are more potent than their 
parent glycosides, namely, cymarin, digi- 
toxin, digoxin, and periplocymarin, respec- 
tively. Esters of strophanthidin can be also 
conveniently synthesized.? The present study 
consisted of the preparation of 3 such com- 
pounds, and the determination of their po- 
tency in cats. They are, chemically, stro- 
phanthidin-3--propionate, -u-butyrate, and 
-benzoate, and conform to the following 
structure: 


HCO 


R.O 


wherein R denotes CH3 * CHz * CO, CH3 *- 
(CH2)> = CO: or C.H; *CO: 

The aglycone strophanthin was isolated 
from the seeds of Strophanthus kombé ac- 
cording to the method of Jacobs and Heidel- 


1Uhle, F. C., and Elderfield, R. C., J. Org. 
Chem., 1948, 8, 162. 

2 Fried, J., and Elderfield, R. C., J. Org. Chem., 
in press. ’ 

3 Chen, K. K., and Elderfield, R. C., J. Pharm. 
and Exp. Therap., 1942, 76, 81. 

4Chen, K. K., Elderfield, R. C., Uhle, F. C., and 
Fried, J., J. Pharm. and Exp. Therap., 1943, 77, 
401. . 

5 Neumann, W., Arch. exp. Path. u. Pharm., 
1937, 185, 329. 


berger.© We are much indebted to Professor 
Robert C. Elderfield for his generosity in 
giving us his modification for the improve- 
ment of the yield of this aglycone. The pro- 
pionate and the butyrate were obtained by 
Neumann’s procedure,® and the benzoate by 
that of Windaus and Hermanns.’ In prin- 
ciple, strophanthidin was allowed to react 
with the acid chloride in the presence of 
pyridine. The esters were all purified by re- 
peated recrystallization from methanol. The 
propionate melted at 234.5-235°C, the 
butyrate at 212-213°C, and the benzoate at 
225-226°C (corrected), the rate of heating 
being moderate. The results of combustion 
analyses satisfied the required compositions. 

For cat experiments, stock solutions of 
1:1000 were made with strophanthidin-3-n- 
propionate and --butyrate, containing 47.5% 
ethanol by volume. Dilutions of 1:50,000 
were employed for intravenous injection until 
death occurred in the same manner as pre- 
viously reported. The rate of injection was 
1 cc per minute. The benzoate was much 
less soluble in water, requiring 71.25% 
ethanol by volume for a solution of 1:500. 
The material would crystallize out in fur- 
ther dilutions. It was thus necessary to in- 
ject the stock solution intravenously at the 
rate of 0.08 cc per minute followed by 1 cc 
of saline by means of a 3-way stopcock—a 
procedure previously adopted in this labora- 
tory.® 

The results are shown in Table I. Judging 
from the geometric mean, that is, the anti- 
logarithm of the mean of logarithms of in- 


6 Jacobs, W. A., and Heidelberger, M., J. Biol. 
Chem., 1922, 54, 253. 

7 Windaus, A., and Hermanns, L., Ber. deut. 
chem. Gesellsch., 1915, 48, 991. 

8 Chen, K. K., Chen, A. L., and Anderson, R. C., 
J. Am. Pharm. Assn., 1936, 25, 579. 

9Chen, K. K., Robbins, E. B., and Worth, H., 
J. Am. Pharm. Assn., 1938, 27, 189. 


ESTERS OF STROPHANTHIDIN | 
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TABLE I. 
Results in Cats. 


Mean (geometric) 
lethal dose + 


Body wt, Dose to kill, standard error, 
Compound Sex kg mg per kg mg per kg 
Strophanthidin 0.3250 + 0.0232* 
Strophanthidin-3-acetate 0.1866 + 0.0246t 
F 1.900 0.1726 
M 1.878 0.3695 
M 1.972 0.2779 
M 1.858 0.6362 
Strophanthidin-3-n-propionate M 1.904 0.2626 0.2573 + 0.0377 
F 2.144 0.4300 
F 2.081 0.2379 
F 2.707 0.1101 
EF PeMaU/ 0.2834 
F 1.964 0.1874 
F 1.857 0.4157 
F 1.977 0.4982 
EF 1.861 “0.4449 
M 1.783 0.2961 
Strophanthidin-3-n-butyrate M 1.694 0.4534 0.4263 + 0.0220 
F 2.103 0.5544 
F 2.049 0.3348 
F 2.574 0.6267 
F 2.169 0.4168 
F 2.014 0.3307 
M 2.238 2.8776 
F 1.825 2.3233 
M 1.806 2.5692 
F 1.840 4.5217 
Strophanthidin-3-benzoate F 1:937 1.4042 2.717 + 0.2610 
F 2.348 2.7257 
M 1.918 2.7320 
M 2.502 2.6219 
M 1.803 2.7510 
M 2.068 3.7524 


* Mean of combined data published previously.3.8 


+ Previously reported.3 


dividual doses, the propionate is more po- 
tent than strophanthin in cats; but the 
butyrate and the benzoate are both less 
active. Our data on the butyrate are thus in 
agreement with those of Neumann.> In a 
previous communication,? evidence was pre- 
sented that strophanthidin-3-acetate was 
more powerful than strophanthidin. It is 
apparent that among the acyl radicals which 
form esters with strophanthidin, the members 


of the lower molecular weight, namely, acetyl 
and propionyl, enhance the activity of 
strophanthidin in cats. On the other hand, 
butyryl and benzoyl groups decrease its ac- 
tivity. 

Summary. Weight for weight, strophan- 
thidin-3-”-propionate is more potent than 
strophanthidin in cats, while strophanthidin- 
3-n-butyrate and -benzoate prove to be less 
active. 
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Potency of Cymarin and Coumingine Hydrochloride as Influenced by 
Environmental Temperature. 


K. K. CHEN, RoBert C. ANDERSON, FraANcts G. HENDERSON, AND C, A, MILLs. 
From the Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, and the Labora- 
tories for Experimental Medicine, University of Cincinnati, Cincinnati. 


The influence of season and environmental 
temperature on the susceptibility of frogs to 
digitalis and its allied products has been re- 
peatedly investigated. Moschkowitsch,! Ed- 
munds and Hale,? and Gottlieb? reported 
that summer frogs were more resistant than 
winter frogs. Ziegenbein* believed that the 
season of the year made little difference in 
the susceptibility of frogs. Dixon® found 
less than 50% variation in frogs’ sensitivity 
to digitalis throughout the year. Mansfeld 
and Horn,® using the isolated sinus of the 
frog’s heart, stated that the months of June, 
July, and August did not give as reliable re- 
sults as other months for strophanthin even 
though the temperature at which the tests 
were made was comparable. A majority of 
other workers observed an increase in sen- 
sitivity of frogs during the summer months. 
Thus, Focke™® emphasized that summer frogs 
were more reactive to digitalis. Baker® con- 
cluded that ouabain increased in potency 
fourfold from 10° to 30°C, -while digitalis 
showed only a difference of 25%. Weiz- 
sacker?® demonstrated that with the isolated 
frog’s heart, the lower the temperature, the 
more time required for the completion of 
strophanthin action. Sollmann, Mendenhall, 


1 Moschkowitsch, H. F., Arch. d. Pharm., 1903, 
241, 358. 

2Edmunds, C. W., and Hale, W., Hyg. Lab. 
Bull., 1908, No. 48, 1. 

3 Gottlieb, R., Miinchen. med. Wehnschr., 1914, 
61, 813. 

4 Ziegenbein, H., Arch. d. Pharm., 1902, 240, 454. 

5 Dixon, W. E., Pharm. J., 1905, 75, 155. 

6 Mansfeld, G., and Horn, Z., Arch. f. exp. Path. 
u. Pharm., 1928, 182, 257. 

7 Focke, C., Arch. d. Pharm., 1907, 245, 646, 

8 Focke, C., Arch. d. Pharm., 1910, 248, 345. 

9 Baker, W. F., Am. J. Pharm., 1912,’84, 247. 

10 Weizsacker, V., Arch. f. exp. Path. u. Pharm., 
1913, 72, 282. 


and Stingel'! found that the toxicity of 
ouabain for frogs increased markedly with 
temperature, the increase per degree of tem- 
perature being much greater at the lower 
than at the higher temperatures. Smith and 
McClosky’? proved that by intravenous in- 
jection the susceptibility of the frog’s heart 
to digitalis increased with temperature in 
much the same manner as its susceptibility 
to ouabain. Gander!® experimented with 
gitalin and gitaligenin on the isolated frog’s 
heart, and came to the conclusion that their 
fixation and action were accelerated by ele- 
vation of temperature. 

In this laboratory, a specially air-condi- 
tioned room was constructed. It was pro- 
posed that various drugs be studied at dif- 
ferent room temperatures. In another com- 
munication,!* results were presented to show 
that certain drugs at 40°C were several times 
as potent as at 20°C in mice. In the present 
investigation, cymarin and coumingine hydro- 
chloride, both digitalis-like products, were 
assayed according to the U.S.P. XI?° 1-hour 
frog method. The room was adjusted to 
16°, 20°, 25°, 30°, 35°, and 40°C. Several 
concentrations of the solutions were employed 
in order to avoid an excessive volume of 
doses. Owing to the free air flow, evapora- 
tion took place at the surface of the water 
bath, so that the temperature of the bath, 
recorded by a thermometer, was lower than 


11 Solmann, T., Mendenhall, W. L., aud Stingel, 
J. L., J. Pharm. and Exp. Therap., 1915, 6, 533. 

12 Smith, M. I., and McClosky, W. T., Pub. 
Health Rep., 1925, Supplement No. 52. 

13 Gander, J., Arch. f. exp. Path. wu. Pharm., 
1932, 164, 324, 

14 Chen, K. K., Anderson, R. C., Steldt, F. A., 
and Mills, C. A., J. Pharm. and Exp. Therap., m 
press. : 
15 Pharmacopoeia of the United States of 
America, 1936, 11th rev., 397. 


TEMPERATURE ON CYMARIN AND COUMINGINE 


the room temperature. The frogs (Rana 
pipiens) of the same batch were acclimatized 
at each temperature for 24 hours, except that 
at room temperature of 40°C they were in- 
jected without prolonged adaptation, since 
an overwhelming majority would have died 
at such temperature level if kept there for 
more than 3-4 hours. The entire work was 
carried out during the months of March, 
April, and May. 

The results are summarized in Table I. 
The median systolic doses (SD59 + standard 
error) were computed by the combined 
slope.1® The general trend is unmistakable, 
namely, the higher the room or bath tempera- 


16 Miller, L. C., Bliss, C. I., and Braun, H. A., 
J. Am. Pharm. Assn., 1939, 28, 644. 
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ture, the more potent the drugs. With cy- 
marin the data appear to fall into 3 groups: 
the frogs were least sensitive between 13° 
and 15.5°C, more sensitive between 20° and 
29°C, and most sensitive at 33°C, bath 
temperature. No explanation is available as 
to why the frogs were more susceptible at 
24.5° than at 20° and 29°C (bath tempera- 
ture). With coumingine hydrochloride, the 
results ran a more uniform course, that is, 
without exception, the higher the tempera- 
ture, the more potent the alkaloid as shown 
by the SDs. Indeed, coumingine hydro- 
chloride is approximately 5 times as potent 
at 33°C as at 13°C, bath temperature. 


The frog is a poikilothermic animal, and 
its change in susceptibility to cymarin and 


TABLE I. 
Room Temperature No. in systole LDsp + S.E. 
temperature, of bath, Dose, (by combined slope), 
20) °C pe /e No. used ug/g 
Cymarin 
1.00 1/5 
Tt) 3/10 
16 ve 1.25 IAN 1.374 + 0.096 
1.40 1/5 
1.60 4/5 
1.80 3/3 
1.00 2/10 
1.10 4/10 
20 15.5 1.25 10/15 1.158 + 0.061 
1.40 9/12 
1.60 3/3 
0.62 0/5 
0.70 2/5 
25 20 0.80 3/5 0.816 + 0.056 
0.90 3/5 
1.00 3/5 
1.10 4/4 
0.56 0/5 
30 24.5 0.62 4/10 0.651 + 0.043 
0.70 6/9 
0.80 5/5 
0.50 0/5 
0.56 2/10 
0.62 2/9 
35 29 0.70 5/10 0.788 + 0.040 
0.80 4/10 
0.90 5/10 
1.00 3/4 
1.10 4/4 
0.45 2/5 
0.50 5/10 
40 33 0.56 5/10 0.529 + 0.032 
0.62 6/10 
0.70 9/10 
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TEMPERATURE ON CYMARIN AND COUMINGINE 


TABLE I (Continued). 


Room Temperature No. in systole LDs9 + 8.E. 
temperature of bath, Dose, ————— (by combined slope), 
. °C ug/g No. used pg/Z 
Coumingine Hydrochloride. 
3.00 3/10 
16 13 3.60 2/10 4.154 + 0.263 
4.50 4/10 
5.60 5/5 
3.00 1/10 
3.30 1/10 
20 15.5 3.60 4/11 3.868 + 0.209 
4.00 9/13 
4.50 3/3 
1.80 1/10 
2.00 7/11 
25 20 2.25 6/9 2.148 + 0.103 
2.50 8/15 
2.75 5/5 
1.40 0/5 
1.60 1/5 
30 24.5 1.80 5/10 1.961 + 0.100 
2.00 5/10 
2.25 7/10 
2.50 3/4 
1.25 1/10 
1.40 2/10 
35 29 1.60 4/8 1.733 + 0.095 
1.80 5/10 
2.00 6/9 
0.80 2/5 
40 33 0.90 2/5 0.810 + 0.082 
1.00 5/5 
1.10 5/5 


coumingine hydrochloride due to environ- 
mental temperature may be more apt to cor- 
respond to a chemical reaction than that of 
warm-blooded animals. The results of the 
present study, however, do not show a di- 
rectly proportional relationship, for the points 
of temperatures versus doses (or logarithms) 
do not fall on a straight line. 


Summary. The susceptibility of the frog’s 
heart to cymarin and coumingine hydro- 
chloride increases with the rise of environ- 
mental temperature. Coumingine hydro- 
chloride is approximately 5 times as potent 
at 33°C as at 13°C (bath temperature), and 
cymarin is more than twice as active at 33°C 
astatel oe 
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Effect of Environmental Stilbestrol.in Shortening Prolonged Gestation 
in the Lactating Rat. 


CHARLES K. WEICHERT. 


(Introduced by L. H. Schmidt.) 


From the Zoological Laboratory, University of Cincinnati. 


Estrogen is usually administered to experi- 
mental animals by injection, inunction, sub- 
cutaneous implantation of pellets or by the 
oral route. Little or no attention has been 
paid to the possible effects of estrogen that 
may be present in cages in which treated 
animals are kept and in whose excreta quan- 
tities of hormone may be eliminated. The 
present report shows that minute quantities 
of the synthetic estrogen diethylstilbestrol, 
by its mere presence in the animal’s cage, may 
reduce the gestation periods of inseminated 
lactating rats to normal. 

The length of the gestation periods of 
lactating rats inseminated during the post- 
partum estrus may range from 23 to 40 days 
depending, in general, upon the number of 
suckling young.++ The prolongation of ges- 
tation is due to delay in implantation®* and 
altered endocrine factors are responsible for 
this delay.2+% If certain hormonal condi- 
tions are satisfied implantation will occur, 
even in rats suckling large litters, at the same 
time (day 6) as in normal, non-lactating 
pregnant rats. The subsequent development 
of such embryos is normal and parturition 
occurs on the 23rd day.?+ 

Methods. Each of 10 female rats was 
placed in a separate cage with a mature male 
the day before parturition was expected. Im- 
mediately after delivery each litter was ad- 
justed to 9. In all animals spermatozoa were 
found in the vagina within 24 hours after 


1 King, H. D., Biol. Bull., 1913, 24, 377. 

2 Weichert, C. K., Anat. Rec., 1940, 77, 31. 

3 Weichert, C. K., Anat. Rec. Supp., 1941, 81, 28. 

4 Weichert, C. K., Anat. Rec., 1942, 83, 1. 

5 Kirkham, W. B., Anat. Rec., 1916, 11, 31. 

6 Kirkham, W. B., J. Hxp. Zool., 1918, 27, 49. 

7 Kirkham, W. B., Anat. Rec., 1916, 10, 219. 

8 Enzmann, E. V., Saphir, N. R., and Pincus, G., 
Anat. Rec., 1932, 54, 325. 

9 Krehbiel, R. H., Anat. Rec., 1941, 81, 381. 


parturition and the male was then removed. 
A pan on the bottom of the cage was filled to 
a depth of % inch with shavings used as 
nesting material. In each experiment .1 mg 
diethylstilbestrol in oil was shaken up in 20 
cc of ether and then scattered about the cage. 
In all cases this was done on the day that 
spermatozoa were found and on such other 
days as indicated in Table I. The cages were 
not cleaned until the termination of the ex- 
periment. 

Vaginal smears were taken routinely. 
Particular attention was directed to the ap- 
pearance of the “placental sign.” Free blood 
in the vagina gave evidence of resorption of 
some or all of the embryos. This was always 
confirmed by manual palpation of the uteri. 

Controls consisted of 49 untreated rats 
each suckling 9 young. In these, the average 
day of implantation was 16.9 and the average 
length of gestation was 32.9 days. 

Results. In one female (E228d) there was 
no indication of implantation or pregnancy. 
In the remaining 9 animals implantation oc- 
curred at.a time (Table I) comparable to 
that of a normal pregnant rat. In 5 of these 
animals resorption began between days 9 and 
12. In 2 animals (E233a and E230d) all 
but one of the embryos were resorbed be- 
tween days 14 and 16. In each case the re- 
maining embryo continued to develop but 
was resorbed between days 22 and 26. Two 
animals (E227f and E227b) delivered normal 
litters of 7 and 5 young respectively on day 
23. The young were reared and were normal. 
Variations in total amount of hormone scat- 
tered about the cage did not have any ob- 
vious differential effects. 

Discussion. Although the hormone was 
scattered about the cage, its entrance into 
the body of the mother is undoubtedly com- 
parable to direct oral administration. Hor- 
mone adhering to the feet or fur of the mother 
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Aw EFFECT OF ENVIRONMENTAL STILBESTROL 


TABLE I. } 
Effects of Scattering Diethylstilbestrol About the Cages of Inseminated Lactating Rats 
Suckling 9 Young. 


Rat Day 
— aaa 
1°2-3 4 5 6,7 & 9 10 11-22 13514 15.16 27°18. 19) 20 Bie eo soe aes 

H22 x RR 

E227 D6 5.4 B 

E227¢ Be x x Rik R = 

E227e x a xs R_R-R-R_ ARR 

E228d x x x 

E230b ~- x x x ROR R. RR ee 

23 0 dau xi x R Ro BR Bea 

B230a) x x x x RR 

EH233a x x x x x RR FR Re 

E227b x Be Bs x os B 


R—Resorption of embryos taking place. 
B—Normal litter born. 


or to the skin of the pups would be licked off 
during the process of cleansing. Allen!° has 
shown that natural estrogens are inactivated 
by the liver whereas stilbestrol is not. Thus 
the hormone, entering the circulatory system 
through the portal vein, should be as effective 
as if administered by injection. Results 
show that stilbestro? is capable of substitut- 
ing for natural estrogen in reducing the time 
of implantation in inseminated lactating rats 
to normal. In certain cases the embryos may 
develop to term. The high percentage of 
resorptions is not surprising since adminis- 
tration of estrogen in exact quantities is not 
possible by this method and the antagonistic 
effect of large doses of estrogen on pregnancy 


10 Allen, M. J., Proc. Am. Physiol. Soc., 53rd 
Meeting, 1941, 6. 


x—.1 mg diethylstilboestrol scattered about cage. i 


is well known. 

The study emphasizes the importance of 
isolating experimental animals that are being 
treated with stilbestrol. Other animals in the 
same cage may be profoundly affected and 
cause the investigator to draw erroneous con- 
clusions from changes that might be observed. 
Cages should be cleaned thoroughly upon 
termination of experiments involving the use 
of stilbestrol. 


Conclusions. Small amounts of diethylstil- 
bestrol scattered about the cages of insemi- 
nated lactating rats suckling 9 young brings 
about implantation at the normal time (day 
6) rather than around the 16th day as in un- 
treated controls. The study emphasizes the 
importance of isolating experimental animals 
that are being treated with diethylstilbestrol. 
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Experimental Air-Borne Influenza Infection. I. Influence of Humidity on 
Survival of Virus in Air.* 


C. G. Loosr1, H. M. Lemon, O. H. Ropertson, AND E. APPEL. 
From the Department of Medicine, the Douglas Smith Foundation for Medical Research, and 
the Bartlett Memorial Fund of the University of Chicago. 


The ease with which infections with in- 
fluenza A virus can be produced in suscepti- 
ble animals by allowing them to breathe 
virus-containing air suggests that this may be 
an important mode of dissemination of the 
disease in man.t* Its importance would -de- 
pend on whether the virus survived in the air 
sufficiently long for an infective level to be 
built up. Previous studies have shown that 
the air in small chambers into which virus 
had been sprayed was infective for mice up 
to one hour. Further studies have been 
made concerning the physical factors which 
influence the survival of virus in larger spaces 
simulating room environments. The data re- 
ported here include the effect of relative hu- 
midity on the persistence of virus in the air. 

The experiments were performed in a room 
of 800 cubic feet capacity (10 x 10 x 8 feet). 
The air of the room was gently and continu- 
ously agitated by means of a centrally placed, 
slowly rotating vertical fan. The tempera- 
ture varied from 27 to 29°C. ‘The low hu- 
midity experiments were carried out during 
the winter months. The higher relative hu- 
midities were obtained by vaporizing steam 
into the room before each experiment. In- 
fluenza A virus (PR-8 strain) was employed 
and prepared from infected mouse lungs. 
The amount of virus used in each experiment 
varied from 2.4 to 3.6 cc of a 107 dilution by 


* This investigation was aided in part through 
the Commission on Cross Infections in Hospitals, 
Board for the Investigation and Control of Influ- 
enza and Other Epidemic Diseases in the Army, 
Preventive Medicine Division, Office of the Surgeon 
General, U. S. Army. 

1 Wells, W. F., and Henle, W., Proc. Soc. Exp. 
Bion. AND Mep., 1941, 48, 298. 

2 Loosli, C. G., Robertson, O. H., and Puck, T. T., 
J. Bacteriology, 1942, 43, 648. 

3 Loosli, C. G., Robertson, O. H., and Puck, T. T., 
J. Inf. Dis., 1943, 87, 126. 


weight of ground lungs in 10% horse serum 
and broth. It was sprayed into the room with 
an atomizer which produced fine uniform- 
sized droplets. Following the atomization of 
the virus, groups of 10 mice were placed in 
the room for 20-minute periods at increasing 
intervals of time. As a more efficient means 
for the detection of air-suspended influenza 
virus 20 minute air samples (representing 20 
cubic feet of air) were taken simultaneously 
with the Moulton air sampler.* The virus- 
containing broth was then inoculated intra- 
nasally into groups of 10 mice.t All mice 
dying were autopsied and examined for lung 
lesions. Those surviving were killed on the 
12th to 14th day. 


It was found that room atmospheres of high 
humidity (80-90%) into which virus suspen- 
sion had been sprayed were no longer infec- 
tive after one hour, although the mice ex- 
posed to this air 10 to 30 minutes after 
spraying all died with extensive consolidation 
of the lungs. Atmospheres of 45% to 55% 
relative humidity remained infective for 6 
hours and were lethal for mice up to one hour 
and 10 minutes. At low humidities (17 to 
24%) similar amounts of virus continued to 
produce influenzal pneumonia in the exposed 
mice for at least 24 hours. During the first 
6 hours after introduction of the virus into 
this dry atmosphere all the mice died. At 12 
hours 40% died and the remainder showed 
extensive pulmonary involvement. Among 
the mice exposed at 24 hours there were no 
deaths but pulmonary lesions were present in 
30% of them. Experiments illustrating the 
influence of relative humidity on the per- 


4 Moulton, S., Puck, T. T., and Lemon, H. M., 
Science, 1943, 97, 51. ; 

t The recovery of influenza virus from the air 
by this method will be described in a separate 
publication by M. Hamburger, Jr., and C. G. Loosli. 
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HuMIDITY ON SURVIVAL OF VIRUS IN AIR 


Persistence of Influenza Virus in Air at Different Relative Humidities, 


Percent of mice 
with lesions 


1004+ 


80 


60 


40 


20 


Fie. 1. 
Time in hotirs following introduction of virus. 


sistence of viable influenza virus in the air 
are shown graphically in Fig. 1. 

In order to determine whether prolonged 
sojourn in atmospheres containing relatively 
low concentrations of influenza virus would 
result in a higher percentage of infections 
than occurred in mice exposed for the cus- 
tomary 20-minute period, groups of mice were 
placed in the experimental room 24 hours 
after introduction of virus into dry air and 
allowed to remain there for 2 hours. All 
these mice exhibited widespread consolidation 
of the lungs at autopsy while only one-third 
of the animals exposed for 20 minutes became 
infected and their lesions were limited in 
extent. These and other experiments re- 
ported in an earlier paper? indicate that intra- 
pulmonary dosage which depends principally 
on the concentration of the infectious agent 
in the air and the amount of air inhaled, plays 
a very important role in determining the in- 
ception and severity of air-borne influenzal 
infection. 

Our studies suggest that the disappearance 
of the virus from atmospheres of high hu- 
midity is due more to inactivation of the 
virus in the air rather than to a rapid settling 
out of the infectious particles as Edward and 
his colleagues’ conclude, although both fac- 
tors probably play a role. Evidence for the 


5 Edward, D. G., Elford, W. J., and Laidlaw, 
P. P., J. Hygiene, 1943, 43, 1. 


Relative humidity 23% 
-—---— iy . 48% 


Room - 800 cu. ft. 
Temp. - 279 to 299 C 


Dust raised 
from floor 
by fan 


12 22 24 


prolonged suspension of virus particles in 
the air was provided by the persistence of a 
marked Tyndall effect 12 hours after the in- 
troduction of the virus spray into an atmos- 
phere of high humidity at a time when the 
air was no longer infective for mice. Fur- 
ther corroboration of the persistence of fine 
droplets in air of high relative humidity was 
derived from experiments in which mice ex- 
posed in the experimental room 4 hours fol- 
lowing dispersal of streptococci, Group C, 
into the air, all became ill and died of strep- 
tococcal infection. Also large numbers of 
streptococci could be collected on settling 
plates and with the Moulton sampler for as 
long as 12 hours. The survival of the virus 
in atmospheres of low humidity is probably 
due to the rapid drying of the infectious par- 
ticles as is indicated in the experiments of 
Edward.® Another indication of the survival 
of influenza virus in desiccated form was 
provided by certain experiments in which 
vigorous sweeping of the floor of the experi- 
mental room, 22 hours after spraying in the 
virus, enhanced the infectivity of the air. 
(Fig. 1). Preservation of viruses, for experi- 
mental purposes, by quick drying procedures 
gives further support to this view. These 
observations have an important bearing on 
the spread of infectious agents by the aerial 
route. 


6 Edward, D. G., Lancet, 1941, 2, 664. 
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Influence of Previous Diet on Insulin Tolerance.* 


SIDNEY ROBERTS AND LEO T. SAMUELS. 


From the Division of Physiological Chemistry, Department of Physiology, University of 
Minnesota Medical School, Minneapolis. 


A number of workers have studied the re- 
lationship of diet to insulin tolerance.t® The 
results obtained have been quite contradic- 
tory due to the fact the food intake was in no 
case equal and adequate for all groups of 
experimental animals. In the present ex- 
periments we applied to this problem the 
method of stomach tube feeding previously 
described by Reinecke, Ball and Samuels.” 
We have been able to demonstrate that shift- 
ing a large proportion of the dietary calories 
from carbohydrate to fat, keeping the total 
calories constant, results in an increased 
tolerance to insulin. 


Methods. Adult male rats, obtained from 
Sprague-Dawley and weighing 250-300 g, 
were used. All animals were first force-fed a 
diet prepared by mixing equal amounts of the 
high fat and high carbohydrate diets de- 
scribed in Table I. Four days later, when 
the rats had become accustomed to feeding 
by stomach tube, they’were separated into 2 
groups having similar ranges of weight. One 
group was fed the high carbohydrate diet 
(83% of the calories as carbohydrate, 2% 
fat, 15% protein); the other group was given 
the high fat diet (85% of the calories as fat, 
15% protein). The amounts fed were calor- 
ically equal in both groups, and were suf- 
ficient to maintain or increase body weight. 


* This investigation was supported by a grant 
from the John and Mary R. Markle Foundation. 

1 Abderhalden, E., and Wertheimer, E., Pflugers 
Arch., 1924, 205, 547. 

2 Bainbridge, H. W., J. Physiol., 1925, 60, 293. 

3 Himsworth, H. P., Clinical Science, 1933, 1, 1. 

4 Himsworth, H. P., J. Physiol., 1934, 81, 29. 

5 Himsworth, H. P., Clinical Science, 1935-36, 
2, 67. 

6 Hynd, A., and Rotter, D. L., Biochem. J., 1931, 
25, 457. 

7 Reinecke, R. M., Ball, H. A., and Samuels, L. T., 
Proc. Soc. Exp. Brou. AND Mep., 1939, 41, 44. 


TABLE I. 
High Fat and High Carbohydrate Diets Fed in 
Equi-Caloric Amounts by Stomach Tube.* 


High 
Carbo- 
High fat hydrate 
Constituent Amount 
Lactalbumin (Labco No. 

15-42) 15 15g 
Osborne-Mendel Salt Mix. WED od nt sae 
Celluflour (Chicago 

Dietetic) ike 10”? 
Vitamin B Complex, Lederle leapsule 1 capsule 
Percomorph Oil 1drop 1 drop 
Corn Oil 37.5 g lg 
Dextrin, Merck’s N.F.V. 0 8322 
Gum Ghatti S.Onme 0 


Water to make a total volume of 180 ce in each 


* Valuable aid in the development of these diets 
was furnished by Dr. R. M. Reinecke. 


Adequate vitamin and mineral supplements 
were present in both diets. 

After 6 weeks on this regime, the animals 
were fasted 36 hours and their sensitivity to 
exogenous insulin determined. The dosage 
of insulin (Lilly’s Iletin) used was 0.16) U. 
per 100 g body weight injected intraperi- 
toneally. Samples of blood, 0.05 ml in 
amount, were taken from the clipped end of 
the tail just before insulin injection and at 
intervals thereafter. Protein was _precipi- 
tated by 5 ml of Folin’s dilute tungstic acid 
reagent. Blood sugar determinations were 
made in duplicate on 2 ml aliquots of the 
tungstic acid filtrate by a modification of the 
Folin-Malmros micro-method. The procedure 
was similar to that described by Jeghers and 
Myers,® somewhat modified and adapted to 
the Evelyn photoelectric colorimeter. 

Results. Fig. 1 illustrates the effect of 
previous diet on the insulin tolerance of, the 
adult male rat. It is evident that after a 
36-hour fast, blood sugar levels are similar 


8 Jeghers, H. J., and Myers, V. C., J. Lab. and 
Clin. Med., 1930, 15, 982. 
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Fig. 1. 
Diet and Insulin Tolerance of Normal Rats. 
Blood sugar curves of normal adult male rats injected with 0.16 


U. of insulin per 100 g after 36 hours fast. 


These animals had 


previously been fed by stomach tube for 6 weeks equi-caloric 


amounts of the special diets: 


High carbohydrate diet e——————e 


High fat diet 


Each curye represents one insulin test in one rat. 


in both carbohydrate-fed and fat-fed animals. 
Likewise, the degree of depression of the 
blood sugar level by injected insulin is about 
the same. The recovery rates are, however, 
quite different. Animals previously force-fed 
the high fat diet show a consistently more 
rapid recovery from hypoglycemic levels. 
Discussion. The above results’ show that 
the insulin tolerance of rats previously fed a 
high fat diet is greater than that of high 
carbohydrate-fed animals, after a 36-hour 
fasting period. Samuels, Reinecke and Ball” 
have shown that fat-feeding has a sparing 
action on liver glycogen disappearance during 
fasting. After 33 hours fasting, the liver of 
fat-fed animals contained much more gly- 
cogen than that of carbohydrate-fed animals. 
Tt seems likely then, that the difference in 
insulin sensitivity noted is a result of the 
difference in fasting levels of liver glycogen. 
When insulin was injected, a rapid and 


9Samuels, L. T., Reinecke, R. M., and Ball, 
H. A., Proc. Soc. Exp. Bion. anD Mep,, 1942, 
49, 456. 


equal depression of the blood sugar level 
occurred in both groups, indicating that the 
action of insulin in increasing carbohydrate 
utilization was unaffected by previous diet. 
In response to hypoglycemia, the liver liber- 
ated sugar by glycogenolysis. Since more 
glycogen was available in the fat-fed animals 
after the period of fasting used here, the rate 
of recovery from insulin hypoglycemia was 
more rapid. 


Summary. Adult male rats, previously 
force-fed a high fat diet by stomach tube in 
amounts sufficient to maintain body weight, 
were less sensitive to the action of injected 
insulin than similarly-treated animals pre- 
viously force-fed equi-caloric amounts of a 
high carbohydrate diet. The decreased sen- 
sitivity manifested itself primarily as a 
markedly increased rate of recovery from in- 
sulin hypoglycemia. The most likely direct 
cause of the increased insulin tolerance in the 
fat-fed animals is the higher level of liver gly- 
cogen after a 30-36 hour fasting period. 
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Response of Hypophysectomized Immature Male Rats to Pregnant 
Mare Serum.*+ 


J. H. Leatuem. (Introduced by T. C. Nelson.) 
From the Department of Zoology, Rutgers University, New Brunswick, N.J. 


Hypophysectomized mature and immature 
male rats will respond to pregnant mare 
serum as shown by the maintenance or resto- 
ration of spermatogenic function and the en- 
largement of the accessory reproductive 
organs.® In previous studies on hypo- 
physectomized rats, the adult was generally 
used and treatment extended for a long 
period of time. The investigation here re- 
ported was undertaken to study the effects of 
pregnant mare serum on hypophysectomized 
immature male rats that were all subjected 
to a short (5-day) injection period. This 
study was of interest in view of results pre- 
viously obtained in hypophysectomized im- 
mature female rats in which it was shown 
that dosage variation alone would produce 
markedly different types of ovarian stimula- 
tion.’ Furthermore, Fevold® uses the male 
rat as an assay method for luteinizing hor- 
mone as determined by seminal vesicle weight 
increase. 

Immature male rats ranging from 30 to 
36 days of age were hypophysectomized. 
Body weights ranged from 71 to 86 g at the 


* Supported by a grant from the Penrose Fund 
of the American Philosophical Society. 

+ Grateful acknowledgment is made to Mr. Jacob 
P. Halperin for valuable technical assistance. 

1 Evans, H. M. Meyer, K., and Simpson, M. E., 
Mem. Univ. Calif., 1933, 11, 257. 

2 Smith, P. E., J. Am. Med. Assn., 1935, 104, 553. 

3 Greep, R. O., Cold Spring Harbor Symposium, 
1937, 5, 136. 

4 Liu, 8. H., and Noble, R. L., J. Endocrinology, 
1939.47 

5 Pencharz, R. I., Oole, H. H., and Goss, H., 
Proc. Soc. Exp. Bion. AND MeEp., 1940, 43, 432. 

6 Leathem, J. H., Proc. Soc. Exp. Bion. anpD 
Mep., 1940, 43, 590. i 

7Cole, H. H., Pencharz, R. I., and Goss, H., 
Endocrinology, 1940, 27, 548. 

8 Fevold, H. L., Cold Spring Harbor Symposium, 
1937, 5, 93. 


time of operation whereas the body weight 
at the time of autopsy (10 days later) ranged 
from 65 to 83 g. An interval of 5 days was 
allowed to elapse after hypophysectomy in all 
cases. The hormone was injected subcutane- 
ously once daily for 5 days and the animals 
autopsied 24 hours after the last injection. 
All pituitary capsules were serially sectioned, 
stained with Mallory’s connective tissue stain 
and examined microscopically. Only data 
from completely hypophysectomized animals 
are presented. Weights of the adrenals, 
testes and seminal vesicles (including the co- 
agulating gland and any contained fluid) 
were taken. 

Pregnant mare serum (Gonadin)+ was ad- 
ministered in 6 different total doses to groups 
of 7 to 13 animals each. Testis weight in- 
creased in most animals receiving hormone 
when a comparison is made with untreated 
hypophysectomized rats, 10 days postopera- 
tively. However, when a comparison is made 
with the testis weight of animals 5 days post- 
operatively, at which time injections were 
started, it is obvious that the effect of the 
hormone is essentially that of maintenance 
(Table I). Spermatids and spermatozoa 
were absent. 

The lowest dose of hormone tested caused 
a 100% increase in seminal vesicle weight. 
Administration of larger doses resulted in a 
more pronounced response. However, it 
should be pointed out that the 25 and 50r. u. 
total dosages were equally effective in their 
action on seminal vesicle weight (Table I). 

It has been shown that PMS when ad- 
ministered to hypophysectomized immature 
female rats in a manner identical with the 
methods used here in males will produce a 
varied ovarian effect depending upon the 


¢ Pregnant mare serum, Gonadin, was generously 
supplied by Dr. D. H. Wonder, Cutter Laboratories, 
Berkeley, California. 
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TABLE I. 


Influence of Pregnant Mare Serum on Hypophy- 
sectomized Immature Male Rats. 


Avg organ wt (mg + E_) 


Total No. a 
dose of rats Testes Sem. ves. 
7 231 7.6 + 0.6 
2.5 10 443 14.9 = 2.1 
5.0 13 335 a byt eas) 
12.5 ff 273 19.3 = 3.0 
25.0 9 409 30.7 + 2.8 
50.0 aa 366 29.9 + 4.0 
100.0 10 451 41.8 + 4.5 
Control rats 5 days after 
hypophysectomy 365 7.5 
Unoperated control rats 
35 days of age 718 13.2 


ie — mean deviation of the mean. 


dosage injected.6 A low dose (10 r. u.) 
causes marked thecal luteinization with little 
growth of follicles. A larger dose (25 r. u.) 
results in the development of large vesicle 


BIoASsAyY OF ANTIDIURETIC ACTIVITY 


follicles and slight thecal luteinization where- 
as further dosage increases (50 r. u.) causes 
the formation of corpora lutea. The lot of 
hormone used in these experiments produced 
the same effect in the hypophysectomized 
female rats as those just described. It was of 
interest to find that a 25 r. u. dosage which 
produces a_10-fold ovarian weight increase 
and primarily a follicle stimulating effect also 
causes a 4-fold increase in seminal vesicle 
weight in hypophysectomized male rats. 
These results indicate that the potency of a 
dosage of pregnant mare serum as deter- 
mined by its action on the ovary does not 
indicate its ability to increase seminal vesicle | 
weight. 

Summary. Pregnant mare serum maintains 
testis weight and stimulates seminal vesicle 
weight in hypophysectomized male rats 
treated for a 5-day period. These data are 
compared with those from similarly treated 
female rats. 
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Reproducible Diuresis and Chloruresis for Bioassay of Antidiuretic 
Activity. 


GrEorGE C. HAm.* 


(Introduced by E. M. Landis.) 


From the University of Virginia Hospital, Charlottesville, Va. 


For the bioassay of antidiuretic activity it 
is essential that control observations shall 
provide a diuresis which is both reproducible 
and quantitative. In a previous communica- 
tion! certain results obtained by a satisfac- 
tory method were given. It is the purpose 
of this paper to describe in greater detail a 
comparison of the various procedures ex- 
plored. In agreement with the prediction of 
Silvette? it appears that extracts of the pos- 
terior. lobe of the pituitary gland can be 
assayed more accurately by measuring 


* This work done during tenure of a Common- 
wealth Fund Fellowship, 1940-41. 

1 Ham, G. C., and Landis, E. M., J. Clin. Invest., 
1942, 21, 455. 

2 Silvette, H., Proc. Soc. Exp. Bion. anp Merp., 
1940, 45, 599. 


urinary chloride excretion than by measuring 
the inhibition of water excretion. 

The rat method of assaying the antidiuretic 
activity of extracts of the posterior lobe of 
the pituitary gland was introduced by Burn.? 
Subsequently many modifications have been 
described both in the manner of producing 
hydration and in the calculation of results. 
These procedures have been employed to 
assay the antidiuretic activity of urine, blood ~ 
serum and pituitary extracts. 

Three different methods of hydration were 
chosen for comparison. (A) Gilman and 
Goodman* administered a preliminary “hy- 


3 Burn, J. H., Quart. J. Pharm. and Pharmacol., 
1931, 4, 517. 

4 Gilman, A., and Goodman, L., J. Physiol., 1937, 
90, 113. 


Broassay OF ANTIDIURETIC ACTIVITY 211 


drating” dose of water amounting to 2.5% ras B.e| 3 © 2 
of the rat’s body weight by gavage 3 hours __ 33s" " = a 
before beginning the assay. Then at the 3 
beginning of the assay period a second dose 3 . | oe gel 5 ie Ds 
of water amounting to 5% of the body weight é pa hacia 4 oo a 
was administered. (B) Silvette? adminis- , 3 
tered a total of 10 cc of 0.2% sodium chloride 3 | wa) 3 g zs 
solution intraperitoneally per 100 g of rat. a z a aig) 4 = Be 
(C) Kreiger and Kilvington,® using rats Z]|.5 2 
weighing approximately 200 g, administered = a e-8 g 2 a 
to each 12 cc of water by gavage. Sil [ eer cs = be 
The control diuresis produced by each of &]| 4 : 
the 3 hydrating procedures was in turn meas- 3 H/| G88 2] 2 . a 
ured and calculated by 4 different methods. § Bie og = Be es oe 
(a) Burn? determined the average time re- 5 
quired for the rat to,excrete 50% of the total ¥ L eae he = 
fluid administered. “(b) Robinson and Farr? * 4.3 | = ng 
recorded the average time required for the § ae 
rat to excrete a volume of urine equaling B ( SE Sx a e e 
2.5% of the initial body weight. (c) Sil- 4 8 as 
vette? determined the total volume of urine 3 Re Bs 48 go] & i 
in cc excreted per 100 g of rat in the 6 hours «4 |} + o 22s ee a i 
elapsing after the fluid was administered. [|| "27 
(d) Kreiger and Kilvington® plotted the 3 5 we. | © = oF, 
amount of urine against time at 15-minute % Woh est ties - _ 
intervals for 5 hours and measured the area % reat 
subtended by this curve. Antidiuretic agents || % eh Be a if Re ue 
prolonged the time required to reach the * Hop, g ae a S S 
chosen endpoints in methods a and b, re- a 228 is 
duced the volume of urine excreted in 6 hours a] 6 ¢ s S| eee ..| 0 te 
in method c, and reduced the area of the 3 ES |S aa” a % oS 
curve in method d. || ga 
In the comparative study here described i Hes wad | © 
‘new rats maintained under carefully con- %|| “* Se eed a & 
trolled conditions of feeding, housing and 3 : 
hydration as described previously! were used = z ag Bie] © 20 
in each experiment. The 3 methods of hy- $ a S35 2 = Sy 
dration (A, B, C, above) and 4 methods of = ce te 
analysis (a, b, c, d, above) were performed 4 da ae Be] @ a m 
3 times, using 2 groups of 6 rats in each ex- HeLa gs 
periment. The results of each group were = <a wo | os % a 
averaged and then a grand average was com- 6 = ely som Sor 
puted for all 6 groups. Each figure therefore 3 5 % 5 
includes results on 36 rats or six groups of |. 5 See Ee ni > 
i) ap 
5 Silvette, H., 4m. J. Physiol., 1940, 128,747. 4 3 3.35 ek ee 8 
6 Kreiger, V. I, and Kilvington, T. B. M. J. & 4, a RSSASRES 
Australia, 1940, 1, 575. a Heese3 728s 
7 Robinson, F. H., Jr., and Farr, L. E., Ann. Int. See uns eens & 
Med., 1940, 14, 42. E i & 
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6 each. The mean deviation and maximum 
deviation from the final average were deter- 
mined for all 6 groups and are shown in 
Table I. 

These results showed that the method of 
double hydration described by Gilman and 
Goodman (A) and the area method of meas- 
urement of the resulting diuresis described by 
Kreiger and Kilvington (d) yielded the most 
reproducible results. In order to shorten the 
6-hour period of observation required by this 
method so that 2 runs could be completed in 
one day the data were recalculated on the 
basis of the areas subtended by a curve plot- 
ted for 3 hours. The maximum and mean 
deviation for this shorter period are shown 
for each method of hydration in Table I. 
Despite the somewhat larger variation, the 
2-dose technic was superior and for practical 
reasons was chosen for routine use in subse- 
quent studies on the antidiuretic activity of 
human urine already reported.t 

In preliminary observations, using known 
amounts of pituitrin,t it was found that the 
3-hour area method described was quite ac- 
curate with doses of 0.5 to 10 milliunits of 
pituitrin per 100 g of rat. Doses larger than 
this produced curves with areas slightly 
greater than those for 10 milliunits and 
hence paradoxically smaller numerical values 
for antidiuresis. Examination of these curves 
revealed that doses exceeding 10 milliunits 
per 100 g of rat produced a brief diuresis and 
then secondarily, a profound antidiuresis, 
whereas the smaller doses produced antidi- 
uresis only. This effect has been described 
before with larger doses and may be related 
to the temporary rise in blood pressure pro~- 
duced by pituitrin. Since the expression of 
results in terms of area includes the total 
effect, it is essential, with pituitrin at least, 
to dilute the sample of unknown potency to 
the proper range to obtain accurate quantita- 
tive results. 

Although the larger doses of pituitrin had a 
paradoxically smaller antidiuretic activity 
over the three-hour period chosen their effect 
on the excretion of chloride in the urine, or 


t Obstetrical pituitrin, Parke Davis, Lot No. 
3260960, 1 ce containing 10 international units. 
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TABLE II. 
Antidiuretic and Chloruretie Effects of Pituitrin 
Solutions Ranging from 0.1 milliunits to 100 
milliunits per 100 g of Rat. 


Antidiuretie Total chloride 
effect— excreted— 
Pituitrin in difference microequivalents 
milliunits per insquareinches per 100 g of 
100 g of rat fromcontrols rat per 3hr 
780-saline controls + 0.78 Less than 90.0 
0.1 + 1.2 74.25 
0.5 — 1.5 _ 109.0 
1.0 — 3.2 121.0 
2.5, — 5.3 219.0 
5.0 — 9.2 252.0 
10.0 —10.3 273.0 
25.0 — 4.9 362 
50.0 — 5.3 436 
75.0 — 5.0 512 
100.0 — 4.7 653 
their “chloruretic’+ activity, increased 


steadily as the dose of pituitrin increased over 
a range of 0.1 to 100 milliunits per 100 g of 
rat. In fact comparison showed that pituitrin 
solutions may be assayed more accurately by 
measuring their effect on chloride excretion, 
than by measuring their antidiuretic activity 
alone. Table II shows both the antidiuretic 
effect and the chloruretic effect of solutions 
containing 0.1 to 100 milliunits of pituitrin 
per 100 g of rat when administered intraperi- 
toneally in a total volume of 1 cc of physio- 
logical saline per 100 g of rat. Six groups 
of 3 rats were used in each assay; 2 groups 
as saline controls and 2 groups for each con- 
centration of pituitrin. As previously de- 
scribed! the antidiuretic effect is expressed as 
the difference in square inches between the 
areas subtended by the curves of the test 
substance and the saline controls. The total 
chloride excretion of each group, per 100 g, 
during the 3-hour period of observation, was 
measured by the open Carius method of the 
Volhard titration as described by Van Slyke 
and Sendroy.® 

Assay of pituitrin solutions containing 
from 0.5 to 10 milliunits per 100 g of rat is 
quite accurate using antidiuresis as the cri- 


¢ Chloruretic: Gr. chloros, yellowish green; plus 
Gr. Ouresis, urination; urination of chlorides. 

8 Peters, J. P., and Van Slyke, D. D., Quantita- 
tive Clinical Chemistry. Methods, Williams & Wil- 
kins, Baltimore, 1932, p. 835. 


‘ ANDROGENS AND ESTROGENS IN Docs 


terion but with greater concentrations this 
method is grossly inadequate. On the other 
hand, the chloruretic effect increased regu- 
larly over the entire range of concentrations 
of pituitrin studied. In 130 experiments 
using 2 control groups of 3 rats each or a 
total of 780 rats the chloride excretion in the 
urine never exceeded 90 microequivalents per 
100 g of rat per 3 hours. Thus definite sen- 
sitivity is shown with 0.5 milliunits per 100 
g of rat. 


Summary, (1) Three different methods of 
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hydrating rats were explored and the diuresis 
produced was measured in 4 separate ways. 

(2) The most reproducible results were 
obtained by hydrating with 2 doses of water 
and by recording diuresis as the area of the 
excretion curve. 

(3) Pituitrin solutions, over a considerable 
range of concentrations, could be assayed 
more accurately by measuring their chloru- 
retic effect than by measuring their anti- 
diuretic effect. 
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Excretion of Androgens, 17 Ketosteroids and Estrogens in the Dog Follow- 
ing Administration of Androgens.* 


K. E. Pascuxis,t A. CANTAROW, A. E. Rakorr, L. P. HANSEN, AND A. A. WALKLING. 
From the Jefferson Medical College and Hospital, Philadelphia, Pa. 


Injection of testosterone propionate in 
large therapeutic doses is followed in humans 
by excretion of considerable amounts of an- 
drogenic material in the urine? Such 
treatment is also followed by increase of 
estrogenic potency of the urine.'?4+5 In 
contradistinction to the human, no estrogen 
and only traces of androgen were found in the 
urine of the dog after the injection of andro- 
gens.®7 

Since we are conducting an extensive study 
of the metabolism of estrogens and androgens 
in the dog it was felt necessary to reéxamine 
the urinary excretion of androgens and es- 
trogens following the administration of an- 
drogens in this species. 


* Aided by a grant from the Johnson Research 
Foundation, New Brunswick, N.J. 

t J. E. Mears Fellow in Physiology and Medicine. 

1 Dorfman, R. J., and Hamilton, J. B., J. Clin. 
Invest., 1939, 18, 67. 

2 Hoskins, W. H., Coffman, J. R., Koch, F. C., 
and Kenyon, A. T., Endocrinol., 1939, 24, 702. 

3 McCullagh, E. P., J. Am. Med. Assn., 1939, 
112, 1037. 

4 Steinach, E., and Kun, H., Lancet, 1937, 2, 845, 

5 Hamilton, J. B., and Dorfman, R. J., J. Lab. 
Clin. Med., 1942, 27, 917. 

6 Kochakian, C. D., Endocrinol., 1937, 21, 60. 

7 Kochakian, C. D., Endocrinol., 1938, 28, 463. 


Methods. Urine samples were collected in 
metabolism cages in 24-hour periods. In 
many instances four 24-hour samples were 
collected and pooled. Androgens and es- 
trogens were extracted following hydrolysis 
with HCl at pH 1. Androgens were assayed 
on one-day-old cockerels by a modification 
of the method of Frank e¢ al.8 The urine 
extracts were applied directly to the comb in 
ether solution as suggested by Koch.? Es- 
trogens were assayed on mice by vaginal 
smear and histological methods after Fluh- 
man.!° 17 Ketosteroids were determined by 
the method of Holtorff and Koch.14 


Hormone excretion of the normal dog. 
Excretion of androgens, estrogens and 17 
ketosteroids was studied in 3 female and 8 
male dogs. Androgen excretion ranged from 
150 to 350 y per 24 hours, expressed as an- 
drosterone. One female dog excreted 1500 y 
per 24 hours. 17 ketosteroid excretion 
ranged from 500 to 1500 y per 24 hours, 


8 Frank, R. T., Klemperer, E., Hollander, F., and 
Kriss, B., Endocrinol., 1942, 31, 63. 

9 Koch, F. C., Assn. for Study of Internal Secre- 
tions, 25th meeting, Atlantic City, 1941. 

10 Fluhman, ©. F., Endocrinol., 1934, 18, 705. 

11 Holtorff, A. F., and Koch, F. C., J. Biol. 
Chem., 1940, 185, 377. 
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expressed as androsterone. There was no 
difference in androgen or 17 ketosteroid ex- 
cretion between male and female dogs. No 
estrogenic activity was detectable in the 
urine of dogs of either sex. 

Excretion of androgen and estrogen follow- 
ing injection of testosterone propionate. Two 
male dogs received daily injections of 10 mg 
testosterone propionate? in sesame oil for 12 
days. Urine was collected (a) prior to in- 
jection, (b) during the last 4 days of treat- 
ment, and (c) one week after treatment had 
been discontinued. There was no increase 
in androgenic activity and no increase in 17 
ketosteroid values in the urine. One of the 
two dogs excreted 10 i.u. per 24 hours of 
estrogenic material during the last 4 days of 
treatment. One week later no estrogenic 
activity was demonstrable. In experiments 
to be reported in another communication, 
large single doses of androgenic compounds 
(testosterone, androsterone, methyltestoster- 
one) were given intravenously in alcoholic 
solution. Estrogens were found in the urine 
in 5 of 7 experiments (40, 40, 24, 6 and 
100 i.u. per 24 hours respectively). In one 
experiment, intraduodenal administration of 
testosterone was followed by estrogen excre- 
tion in the urine. No increased excretion of 
androgens was observed in any of these ex- 
periments. 

Androgen and estrogen excretion following 


the injection of testosterone propionate into 


castrate male dogs. The 2 male dogs in 
which sex hormone excretion following treat- 
ment with testosterone propionate had been 
studied were castrated. Several weeks laver 
the dogs received another course of 12 in- 


{ Testosterone, testosterone propionate, methyl- 
testosterone and desoxycorticosterone acetate were 
generously supplied by Dr. E. Schwenk and Dr. M. 
Gilbert of the Schering Corp., androsterone by 
Mr. R. Mautner of the Ciba Corp. 
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jections of 10 mg testosterone propionate. 
No androgen was excreted in the urine. The 
dog which had excreted estrogen during treat- 
ment with testosterone propionate prior to 
castration did so again after castration. 

Androgen and estrogen excretion following 
injection of testosterone propionate into the 
adrenalectomized female dog. A female dog 
was adrenalectomized by the usual 2-stage 
operation and was maintained with desoxy- 
corticosterone acetate. Androgen excretion 
prior to adrenalectomy was 150 y per 24 
hours. Following adrenalectomy no an- 
drogens were detectable. The dog was then 
given 12 daily injections of 10 mg _ testo- 
sterone propionate. During the last 4 days 
of treatment with testosterone, traces of an- 
drogens (8 y per 24 hours) were excreted. 
At this time 10 i.u. of estrogens were ex- 
creted per 24 hours, while there had been no 
estrogen excretion either before or after 
adrenalectomy. 


Discussion and Summary. In contradis- 
tinction to the human, urine androgens do not 
increase in the dog following administration of 
androgenic hormones. These findings con- 
firm earlier observations by Kockakian.® 
Administration of androgens also fails to in- 
crease the excretion of 17 ketosteroids. How- 
ever, contrary to earlier findings by Kocha- 
kian,” dogs were found to excrete estrogens 
following administration of androgens, as has 
been found in humans.!:?+5 This excreted 
estrogen may be either formed from the aa- 
ministered androgen or may be the result of 
stimulation of some source of estrogen pro- 
duction. The fact that estrogens are excreted 
in the castrated and in the adrenalectomized 
dog following testosterone treatment narrows 
considerably the possible sources of the es- 
trogens. Conversion from the administered 
androgen seems more likely but is not yet 
definitely proven. 


215 


14256 


Effect of Certain Drugs on Properties of the Human Atrioventricular Node. 


GrorRGE DECHERD AND ARTHUR RUSKIN. 
From the Cardiovascular Service, Department of Medicine, University of Texas School of 
Medicine, Galveston. 


In reciprocal rhythm an impulse originat- 
ing in the atrioventricular junctional tissue 
passes to the ventricle, and in addition by 
retrograde conduction stimulates the atrium. 
If the retrograde conduction has been rapid, 
the cycle terminates; however, if conduction 
has been slowed, the impulse may find the 
junctional tissue responsive, and after travers- 
ing part of the auricle again stimulate the A-V 
node and ventricle, producing a reciprocal 
beat, or “Umkehr-Extrasystole.” Clinical 
examples of such a mechanism were first de- 
scribed by White,t who based his concept of 
the physiological processes present on the 
circus mechanism observed earlier by Mines.” 
Reciprocal rhythm has been reported by 
others, and has been discussed most recently 
by Scherf.* 

We have recently studied a patient who 
manifested this type of disturbance, and have 
taken the opportunity to study the effect of 
‘several drugs on the properties of the junc- 
tional tissue, presumably in the neighborhood 
of the A-V node. The clinical features of the 
case will be described elsewhere, together 
with certain electrocardiographic findings that 
may be of theoretical importance. The pos- 
sibility suggested by Luten and Jensen‘* that 
some of the reported cases represent a para- 
systole rather than a reciprocal rhythm, has 
in this instance been definitely excluded. 

By measuring the RP intervals of a large 
number of complexes, we have determined 
the retrograde conduction time below which 
reciprocal stimulation of the ventricle did not 
occur, but above which reciprocal beats were 
seen. This value we have taken to represent 
the refractory period of the junctional tissue. 


1 White, P. D., Arch. Int. Med., 1915, 16, 517. 

2 Mines, G. R., J. Physiol., 1913, 46, 370. 

3 Scherf, D., Arch. Int. Med., 1941, 67, 372. 

4 Luten, D., and Jensen, J., Am. Ht. J., 1931-32, 
7, 593. 


The mean value of the RP interval has been 
taken as a measure of retrograde conduction; 
the corresponding PR interval for a given 
RP time (0.40 sec.) has been taken as a 
measure of forward conduction. Curves re- 
lating RP and PR intervals have shown re- 
covery of the conduction tissue;° this recov- 
ery time has been regarded also as the time 
of relative refractoriness.® 


The effects of drugs, and of nervous in- 
fluences, on the physiological properties of 
cardiac tissues have been studied extensively 
since the early studies of Lewis and his asso- 
ciates; the most modern studies are those of 
Macleod? and of Wedd e¢ al.8 It seems 
superfluous to review them here. 

Method. Electrocardiograms were taken 
first by means of an esophageal electrode, 
since the clear-cut P waves obtained in this 
fashion facilitated the measurement of the 
RP and PR intervals. Since passage of the 
esophageal electrode sometimes appeared to 
influence reflexly the rate and the site of the 
pacemaker, a CF lead was used routinely, 
with the chest electrode placed in the third 
interspace at the right sternal border; this 
lead gave satisfactorily sharp P waves. The 
records were taken for a period of 5 to 8 
minutes. After a control curve, a drug was 
administered; at the estimated time of full 
effect, indicated in Table II, further tracings 
were recorded. Measurements were made 
with a hand lens. 

Results. In Table I we show the changes 
with varying amounts of digitalis studied 
over a period of 25 days. The quantity of 
digitalis accumulated has been estimated in 


5 Lewis, T., and Master, A. M., Heart, 1925, 
12, 209. 

6 Ashman, R., Am. J. Physiol., 1925, 74, 121. 

7 Macleod, A. G., Am. Ht. J., 1939, 17, 294, 305. 

8 Wedd, A. M., Blair, H. A., and Gosselin, R. E., 
J. Pharm. and Eap. Therap., 1942, 75, 251. 


216 DruGs ON PROPERTIES OF HUMAN ATRIOVENTRICULAR NODE. 
TABLE I. 
Digitalis Action on A-V Node. 
Digitalis Refractory Forward Retrograde 
cumulation, Rate, period, conduction, conduction, 
Date eat units per min sec sec sec Recovery 
Feb. 16 0 50 0.26 0.185 0.30 Complete in 0.45 sec. 
25 3 48 285 195 18 Complete in 0.45 sec. 
Mar. 4 5 45 37 205 18 Delayed and-incomplete. 
5 5 48 3875 27 25 More delayed. 
6 5 50 .36 2255 .40 
9 5 50 36 27 Al Further delayed and least complete. 
11 i 48 40 -285 38 Less delay and more complete. 
12 6 52 32 25 22 Very slight delay; almost complete. 
13 5 51 29 -205 15 Normal again. 
TABLE II. 
Drug Action on A-V Node. 
Time Refractory 
after Rate period, Forward Retrograde 
Date drug per min see conduction conduction Recovery 
Mar. 5 Control 48 0.375 0.27 0.25 
Prostigmin 10 min 45 AT ' 84 .36 Delayed and incomplete 
Atropine Ae Peet 53 32 245 .21 Return to control curve 
6 Control 50 36 255 385 
Atropine Hees 50 .36 275 27 No definite change 
11 Control 48 40 285 38 
Epinephrine Sill 50 39 28 44 Slightly more complete 
Neosynephrine 17 ”’ 47 39 285 .27 No change 
12 Control 52 32 25 .22 
Quinidine 1 hour 46 46 — 49 Marked delay; never com- 
plete 
Diva 44 41 315 35 Less delay; finally com- 
plete 4 
13 Control 51 29 205 15 
Mecholyl and 2 min 33 * 48-.76 — -50 Marked delay; not quite 
atropine complete 
Thea 50 .36 24 30 Less delay; not quite 
complete 
PA ead 52 ol 23 .23 Return almost to control 
curve 


* All retrograde conduction times of 0.48 sec or less showed no reciprocal beats; all above 0.76 showed 


reciprocal beat; none between these figures. 


the usual fashion, and must be regarded 
as approximate only. The refractory period 
of the junctional tissue, and forward conduc- 
tion time through this area, vary in a manner 
which closely parallels the estimated digitalis 
saturation. Retrograde conduction shows 
. first an acceleration with smaller doses, and 
then a delay with larger doses of digitalis. 
This is similar to the findings of Clark and 
Mines? in their study of the effects of digitalis 
on the frog heart. 


9Clark, A. J., and Mines, G. R., J. Physiol., 
1913-14, 47, vii. 


Recovery curves after digitalization show 
delay, i.e. longer PR intervals for given RP 
intervals, and failure to become complete, 
z.e., longer PR intervals even with the longest 
RP periods. These changes seem to follow 
closely the prolongation of the refractory 
period, which suggests that changes in rela- 
tive refractoriness parallel the effective re- 
fractory period. This appeared to be true 
of digitalis effect, as well as of the effects 
produced by the other drugs employed. 


We could detect no phase of supernormal 
conduction. 


Drucs ON PROPERTIES OF HUMAN ATRIOVENTRICULAR NODE. 


In Table II are summarized the effects of 
other drugs. Prostigmine (1 mg., im.) pro- 
longed the refractory period and slowed both 
retrograde and forward conduction. This ef- 
fect was more than neutralized by the sub- 
sequent injection of atropine (1/50 grain 
i.v.), though atropine alone on the following 
day showed a less conspicuous effect. 

Epinephrine (0.5 cc, subcu.) showed a 
definite effect only by slowing retrograde 
conduction, while neosynephrin (5 mg. 
subcu.) did little more than accelerate it. 
Both produced very slight shortening of the 
refractory period. 

Quinidine (5 grains, p.o.) markedly pro- 
longed the refractory period and slowed A-V 
conduction in both directions. One hour 
after administration, forward conduction 
could not be tabulated since the refractory 
period exceeded the time (0.40 sec.) selected 
as the constant RP interval at which the PR 
time was measured. 

An uncomplicated mecholyl (acetyl-B- 
methyl choline 20 mg subcu.) effect was not 
obtained since the reaction following its in- 
jection necessitated the immediate adminis- 
tration of atropine. From the curves taken, 
however, there may be made out easily the 
marked prolongation of refractoriness and 
delay in conduction, which gradually regress 
under the influence of atropine. 

Further studies were prevented by the 
spontaneous disappearance of the reciprocal 
mechanism, which we were unable to re- 
_produce. 

Comment. We consider that the indicated 
changes in the refractory period are the re- 
sult of medication, and that the rate change 
contributes no important part of this effect. 
The rate change was trivial in most in- 
stances; at the slow rates observed the re- 
fractory period changes relatively little with 
change in rate; and finally, we could measure 
the refractory period of the ventricle—that 
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is, the QT interval with varying Q-Q periods 
—and found virtually no change due to slight 
variations at the slower rates. 

The effective refractory period of the 
junctional tissue is definitely prolonged by 
digitalization; this is in agreement with 
Lewis’ earlier work,!° but must be interpreted 
in the light of the later studies of Drury," 
Macleod,® and Wedd, in which they con- 
clude that the local absolute refractory period 
of heart muscle is shortened by digitalis 
glucosides. The delay of A-V conduction is 
commonly recognized clinically, though the 
initial acceleration of retrograde conduction 
finds it parallel only in animal experiments. 

The depressant action on heart muscle of 
quinidine is illustrated by its effect on con- 
duction, on recovery, and on refractoriness. 
Prolongation of the latter is in agreement with 
views long held, but which have not been 
confirmed in the latest study of Wedd e¢ al.;1? 
however, in the intact heart of our subject we 
cannot clearly divorce refractoriness from 
conduction effects, and are measuring the ef- 
fective, rather than the absolute local re- 
fractoriness. 

Carotid sinus stimulation was ineffective 
in our patient, but mecholyl and prostigmine 
produced the striking effects noted above. 
We note the total effect and do not feel jus- 
tified in attempting the separation of direct 
effects from those mediated through the 
vagus, if indeed such a distinction is valid. 

It is noteworthy that the susceptibility to 
change, and the magnitude of change, is in 
every instance much greater for retrograde 
conduction than for forward conduction. 


10 Lewis, T., Drury, A. N., and Iliescu, C. C., 
Heart, 1921-22, 9, 21. 

11 Drury, A. N., and Love, W. S., Heart, 1926, 
18, 77. 

12 Wedd, A. M., Blair, H. A., and Dwyer, G. K., 
J. Pharm. and Exp. Therap., 1941, 72, 394. 
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Significance of Variations of Prothrombin Activity of Dilute Plasma. 


C. E. BRAMBEL AND F. F. Loxer. 


(Introduced by W. R. Amberson.) 


With the technical assistance of E. J. Curtis. 
From the Department of Clinical Biochemistry and the Department of Surgery, Mercy Hospital, 
Baltimore, Md. 


The introduction of the hemorrhagic prin- 
ciple, Dicoumarol, (3,3’ methylenebis (4- 
hydroxycoumarin) ) has supplied a new im- 
petus to the study of the prothrombin 
mechanism of plasma. Several investigat- 
ors’ * have suggested that dilute plasma may 
be a more sensitive indicator of variations in 
prothrombin activity and consequently may 
be more efficaciously used to follow Dicou- 
marol therapy. During the course of this in- 
vestigation on prothrombin activity of serial 
dilutions of human plasma, data have been 
obtained which suggest a physiological basis 
for clinical conditions manifesting an intra- 
vascular disturbance of the coagulation 
mechanism. Quick’s one stage method ap- 
plied to dilute plasma showed a difference in 
coagulation activity of “normal” plasma and 
plasma obtained from individuals having in- 
travascular disturbances. 

Prothrombin activity curves for “normal” 
plasma and plasma obtained from individuals 
in various clinical conditions were constructed 
by serial dilution with physiological saline. 
Quick’s® method was followed meticulously 
in every detail. The clotting time for oxa- 
lated undiluted plasma (12-15 seconds) was 
repeatedly corroborated with regard to the 
narrow limits of variation that occur and 
found to be in complete agreement with the 
above mentioned investigator. However, 
with 12.5% and 25% plasma the clotting 


1Stahman, M. A., Huebner, C. F., and Link, 
K. P., J. Biol. Chem., 1941, 138, 513. 

2 Campbell, H. A., Smith, W. K., Roberts, W. L., 
and Link, K. P., J. Biol. Chem., 1941, 188, 1. 

3 Wright, I. S., and Prandoni, A., J. Am. Med. 
Assn., 1942, 120, 1015. 

4 Shapiro, S., and Sherwin, B., N. Y. State J. 
Med., 1948, 43, 45. 

5 Quick, A. J., The Hemorrhagic Diseases and 
the Physiology of Hemostasis, Charles C. Thomas, 
Springfield, Illinois, 1942. 


time deviated markedly from the values re- 
ported by Quick, indicating less prothrombin 
activity for these dilutions. Reproducible 
activity curves have been obtained from 60 
“normal” individuals by the present method. 
Fig. 1 shows the limits of variation for 
“normal” human plasma for all dilutions 
compared with Quick’s published data. It is 
to be noted that the greatest difference was 
encountered when 12.5% plasma was used. 
The factors responsible for the difference 
found are being subjected to a critical study. 
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Fie. 1. 

Comparison of Quick activity curve with average 
‘‘normal’’ curve obtained in the present study. 
Abscissee represent plasma dilutions with physio- 
logical saline and ordinates prothrombin clotting 
time in seconds. The curve showing the greatest 
activity was obtained from Quick’s data, and 
deviates markedly from the values obtained in the 
present investigation. The limits of variation are 
indieated by thin lines. 


PROTHROMBIN ACTIVITY OF DILUTE PLASMA 


TABLE I. 


Prothrombin 
clotting time, 
sec 


CE a eee. 
Undil. 12.5% No. 
plasma plasma individ. 


Normal 12-14 90+10 60 
Phlebitic 12-14 60+10 30 
Maternal d2-14 502210 50°) * 
Fetal 15-18 110420 50§ 
Preoperative 12-14 90+10 5|t 
3-5 days postoperative 12-14 60+10 5} 
10-14 ”’ a 12-14 90+10 5 J 


* Maternal and fetal blood taken simultaneously 
at time of delivery. 
+ Same individuals. 


Increased plasma prothrombin activity ex- 
pressed in terms of decreased clotting time 
was observed in certain clinical conditions 
when 12.5% plasma was used while undiluted 
plasma gave the established normal value. 
The data presented in Table I shows that an 
acceleration of the clotting power of dilute 
plasma (12.5%) was found in phlebitis, post- 
operative surgical trauma and during child- 
birth. 

Individuals during childbirth reveal the 
most striking results. The undiluted mater- 
nal plasma and plasma obtained from the 
umbilical cord at the time of delivery have 
nearly identical prothrombin clotting time 
values; 12.5% maternal plasma under the 
same conditions coagulate with a markedly 
accelerated rate (50-60 seconds) while cord 
(fetal) blood plasma has a normal clotting 
time (110 + 20 seconds). On the basis of 
the preceding data, it is suggested that a 
protective physiological mechanism may be 
set up by the maternal organism producing 
plasma prothrombin activators leading to a 
decreased clotting time during this critical 
period. This protective mechanism may 
function as part of a hormonal system ante- 
cedent to hemorrhage at the time of delivery. 
Hormones as factors affecting the coagulation 
system may be an explanation for the phe- 
nomenon observed. The fetal circulation, on 
the other hand, is not interrupted, conse- 
quently excess prothrombin activators are 
not essential and a normal prothrombin ac- 
tivity curve results. Fig. 2 shows the limits 
of variation for maternal and fetal plasma 
from 50 deliveries. A marked difference in 
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Fic. 2. 

These curves show the limits of variation for 
maternal and fetal plasma from 50 deliveries. A 
marked difference in activity curves between the 
two plasmas can be observed, and that the limits 
of variation do not overlap except for undiluted 
plasma. Maternal plasma shows an increased 
activity while fetal »vlasma exhibits essentially 
normal activity. Abscisse represent plasma dilu- 
tions with physiological saline and ordinates pro- 
thrombin clotting time in seconds. 


activity curves between the two plasmas can 
be observed and furthermore, the limits of 
variation do not overlap except for undiluted 
plasma. 

During post-operative surgical trauma a 
decreased clotting time for dilute plasma 
(12.5%) was found for all individuals stud- 
ied. After 10 days the accelerated coagula- 
tion was restored to the normal condition. 
(Table I). During this period, prothrombin 
activators may be produced in excess as part 
of a protective mechanism of the organism 
in response to hemorrhage.® Failure of the 
accelerated mechanism to return to normal 
may undoubtedly be one of the contributory 
causes leading to clinical post-operative 
thrombophlebitis. The phenomenon follow- 
ing post-operative surgical trauma is similar 


6 Cannon, W. B., The Wisdom of the Body, 
W. W. Norton, New York, 1939. 
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to that observed in childbirth. 

Individuals with clinical symptoms of 
phlebitis manifest a decreased clotting time 
for dilute plasma (12.5%) and a normal 
value for undiluted plasma (Table I). In 
this clinical condition the prothrombin ac- 
tivators may possess a potency sufficient to 
produce intravascular clots and embolus for- 
mation. Silberberg’ postulates biochemical 
factors that may be responsible for accel- 
erated coagulation. It is of special interest 
in this connection that patients receiving the 
hemorrhagic principle, Dicoumarol, exhibit 
intravascular coagulation difficulties when 
the effects of the drug cease and the pro- 
thrombin clotting time of 12.5% plasma 
again shows a decreased coagulation time 
compared with a normal individual. 

Dicoumarol* has been used to disrupt the 
prothrombin mechanism intravascularly. _In- 
dividuals with chronic clinical phlebitis do 
not respond as readily as normal individuals 
to this hemorrhagic agent and return in a 
short time to their previous condition. Di- 
coumarol therapy can be followed most satis- 
factorily when dilute plasma (12.5%) is 
used. Variations in clotting time can be de- 
tected with this dilution that are not manifest 
when undiluted plasma is used. No toxic 
symptoms were observed in any of the indi- 
viduals receiving this hemorrhagic principle. 


7 Silberberg, M., Physiol. Rev., 1938, 18, 197. _ 

* The Dicoumarol (3,3’-methylenebis (4-hydroxy- 
coumarin) ) used in this study was supplied by the 
Abbott Laboratories, Chicago, Ill. 


PROTHROMBIN ACTIVITY OF DILUTE PLASMA 


Since the foregoing observations demon- 
strate increased prothrombin activity of the 
plasma in some pathological states, an at- 
tempt was made to induce this condition in 
“normal” individuals by intravenous injec- 
tions of repeated large doses of a synthetic 
vitamin K derivative.(Hykinone).t No in- 
crease in coagulation activity was found in 
any of the dilutions of normal plasma. These 
findings are in keeping with all previous ob- 
servations that vitamin K derivatives do not 
accelerate the prothrombin coagulation mech- 
anism above normal limits but rather activ- 
ates an organ, 7.e., the liver, to produce this 
thrombin precursor until an optimum amount 
is available for normal processes. 

Quick’s simple one stage procedure for 
evaluating the prothrombin clotting time of 
oxalated plasma has been successfully adapted 
to provide an index to the prothrombin ac- 
tivity occurring in the various above men- 
tioned clinical conditions. By this means, 
employing dilute plasma (12.5%), it is pos- 
sible to measure accelerated coagulability of 
plasma. The demonstration of prothrombin 
“activators”? as a protective mechanism or 
as a pathological state is suggested to ac- 
count for the difference in clotting activity 
encountered. The nature of these “activat- 
ors” is being subjected to a critical bio- 
chemical and physiological study. 


t+ The vitamin K derivative (Hykinone) was 
supplied through the generosity of the Abbott 
Laboratories, Chicago, Ll. 
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Lowest Barometric Pressure Compatible with Life in an Atmosphere of 
100 Per Cent Oxygen. 


H. F. Hartman. 


(Introduced by E. Gellhorn.) 


From the Department of Physiology, University of Illinois College of Medicine, Chicago. 


Armstrong! has stated that life is impos- 
sible at an altitude where the barometric 
pressure equals 87 mm Hg even in an at- 
mosphere of 100% oxygen. He explains this 
conclusion by assuming the water vapor ten- 
sion in the lungs to be 47 mm Hg and the 
carbon dioxide tension to be 40 mm Hg. 
Hence, at an altitude where the barometric 
pressure corresponds to 87 mm Hg no oxygen 
would be able to enter the alveoli of the lungs 
even though one were breathing pure oxygen. 
However, it is generally known that hypernea 
occurring at high altitude considerably re- 
duces the carbon dioxide tension in the 
alveoli. Moreover, the water vapor tension, 
too, tends to fall during hyperventilation.” 
These observations suggest that the theo- 
retical minimal barometric pressure compat- 
ible with life in an atmosphere of 100% 
oxygen is lower than given by Armstrong. 
The present investigation aims to show that 
this is true. 

Ten male rats weighing approximately 250 
g were subjected to decreased barometric 
pressure in an atmosphere of 100% oxygen. 
The barometric pressure was~reduced by a 
vacuum pump which permitted a constant 
flow of oxygen. In the first 5 minutes the 
pressure was gradually lowered to 180 mm 
Hg, in the next 5 minutes to 90 mm Hg and 
thereafter by 5 mm Hg every 4 minutes until 
gasping occurred. Soda lime was placed in 
the chamber to absorb carbon dioxide. The 
rate of reducing the pressure was controlled 
by an outside manometer connected to the 
decompression chamber, while the lower 
values of pressure were read from a closed 
manometer placed directly in the chamber. 
The experiment was terminated when gasping 


1 Armstrong, H. G., Principles and Practice of 
Aviation Medicine, Baltimore, 1939, Williams and 
Wilkins Co. 

2 Christie, R. V., and Loomis, A. L., J. Physiol., 
1932, 77, 35. 


TABLE I. 
Barometric Pressure at Which Respiratory Failure 
Occurred in Rats in an Atmosphere of 100% 
Oxygen. 


Group B (allowed to 
hyperyentilate for 


Rat Group A an additional 20 min) 
1 60 50 
2 65 70 
3 65 55 
4 65 60 
5 75 50 
6 65 65 
if 70 65 
8 65 65 
9 60 60 

10 60 


occurred; restoration to normal atmospheric 
pressure revived the animals in several 
minutes. 

In a second group (9 animals) the same 
procedure as above was carried out except 
that the animals were kept for 20 minutes 
at a pressure varying between 75 and 90 mm 
Hg, depending on the pressure at which the 
greatest degree of hyperpnea occurred. After 
this period the decompression was carried on 
to the gasping state as in the first experi- 
mental group. This was done to allow addi- 
tional time for reducing the carbon dioxide 
and water vapor tensions. 

As shown in the accompanying table, the 
average barometric pressure at which gasping 
occurred in an atmosphere of pure oxygen 
was 65 mm Hg with variations between 60 
and 75 mm Hg. In the second group per- 
mitted to hyperventilate for an additional 20 
minutes the average pressure for gasping was 
60 mm Hg with variations between 50 and 
70 mm. 

Observations of Bert? and Selladurai and 
Wright* suggest that at a partial pressure of 
about 10 mm Hg of oxygen in the alveoli 


3 Bert, P., La Presson Barometrique, 1878. 
4 Selladurai, S., and Wright, S., Quart. J. Eup. 
Physiol., 1932, 22, 233. 
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If this value of 10 mm 
Hg for oxygen is subtracted from 50 
mm Hg, the lowest barometric pres- 
sure at which gasping was found to occur in 
an atmosphere of pure oxygen, 40 mm Hg 
remain for the partial pressures of carbon 
dioxide and water vapor. It is evident that 
these pressures must fall considerably below 
the values given by Armstrong. The fall in 
the partial pressure of carbon dioxide is due, 
as is well known, to the hyperventilation oc- 
curring during anoxia and the fall in water 
vapor tension is probably the result of two 
factors: (a) lowering of body temperature as 
a result of anoxia® and (b) the lack of equi- 
librium between alveolar air and blood as a 
result of the increased ventilation.” 


death occurs. 


Summary. Two groups of male rats were 


5 Gellhorn, E., Am. J. Physiol., 1937, 120, 190. 
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subjected to a progressive reduction in baro- 
metric pressure while in an atmosphere of 
pure oxygen in order to discover the pressure 
at which respiratory failure occurred. The 
first group gave an average value of 65 mm 
Hg with variations between 60 and 75 mm 
Hg, and the second-group, allowed to hyper- 
ventilate for an additional 20 minutes, gave 
an average value of 60 mm Hg with varia- 
tions between 50 and 70 mm Hg. The dif- 
ference between the two groups shows that 
the additional hyperventilation had a slight 
effect on reducing the atmospheric pressure 
at which respiratory failure occurred in this 
experiment. “These results indicate that the 
partial pressures of carbon dioxide and water 
vapor fall lower than previously assumed and 
therefore life is possible at a higher altitude 
in the presence of pure oxygen than hereto- 
fore believed. 
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Effects of Yeast Extracts and Phenylmercuric Nitrate on Yeast Respiration 
and Growth. 


ELTon S. Cook AND CorNELIUS W. KREKE, 


(Introduced by S. Tashiro.) 


From the Research Laboratories of the Institutum Divi Thomae, Cincinnati, Ohio. 


In earlier papers it has been pointed out 
that yeast extracts having the property of in- 
creasing respiration are able to offset the 
toxicity of phenylmercuric nitrate and of 
n-butyl-p-hydroxybenzoate for molds? and to 
overcome the depressant effects of phenyl- 
mercuric nitrate on skin respiration without 
loss of inhibitory power for S. aureus in the 
concentrations employed.2, We had _ also 
found that, with certain fractions from yeast, 
ability to stimulate the oxygen uptake of 
yeast paralleled ability to increase yeast pro- 
liferation.$ 


1 Cook, E. S., and Kreke, 0. W., Nature, 1940, 
146, 688. 

2 Cook, E. S., Kreke, C. W., Hilert, M. R., and 
Sawyer, M. A., Proo. Soc. Exp. Bion. anp MeEp., 
1942, 50, 210. 

3 Cook, E. 8., Hart, M. J., and Stimson, M. M., 
Biochem. J., 1940, 84, 1580. 


In continuation of our studies on respira- 
tion depression as an index of toxicity and on 
the relation between respiration and growth 
we have investigated the effects of phenyl- 
mercuric nitrate on the growth and respira- 
tion of yeast and the ability of yeast extracts. 
to modify those effects. 

Respiration experiments were carried out 
at 37.5°C by the previously described War- 
burg manometric technic,*° using a suspen- 
sion containing 1.56 mg (dry weight) of 
Fleischmann’s bakers’ yeast in Ringer-phos- 
phate-glucose (0.02% glucose, pH 7.2). 
Aqueous-alcoholic yeast extracts were pre- 


4 Cook, E. S., Kreke, C. W., and Nutini, L. G.,. 
Studies Inst. Divt Thomae, 1938, 2, 23. 

5 Cook, E. 'S., and Morgan, M. N., Biochem. J., 
1940, 34, 15; Cook, E. S., Walter, E. M., and 
Hilert, M. R., Proc. Soc. Exp. Brot. anp Mep., 
1940, 44, 547, 
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CU. MM. Op PER COUNT OF 100 


5a 


IS 30 
TIME IN MINUTES 
Fig. 1. 
Effects of Phenylmercurie Nitrate and Yeast Extract on Yeast Respiration. 


pared as described previously* from Fleisch- 
mann’s bakers’ yeast and corresponded to 
crude Fraction A of the earlier work.* 

Fig. 1 shows the result of a typical experi- 
ment on the effects of phenylmercuric nitrate 
and yeast extract on the respiration of bakers’ 
yeast. Each point represents the average of 
duplicate determinations which agreed within 
5% or better. Curve I represents the normal 
respiration of the yeast suspension. In Curve 
II, phenylmercuric. nitrate sufficient to give 
a concentration of 1:100,000 was tipped in 
from the side arm immediately after the 
equilibrium period. Very little oxygen up- 
take was observed and the cells were com- 
pletely killed at the end of the hour experi- 
mental period as determined by methylene 
blue staining. In Curve III, yeast extract 
to give a final concentration of 1 mg per cc 
was tipped in and gave an immediate increase 
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in oxygen consumption amounting to 86% at 
the end of the hour. All cells were living at 
this time. Curve IV shows the result of add- 
ing a mixture of phenylmercuric nitrate and 
yeast extract to give the same final concen- 
trations. The respiration, while considerably 
depressed, continued for 45 minutes, after 
which further oxygen uptake ceased. Pro- 
tection was afforded by the extract. 

In other sets of experiments, the phenyl- 
mercuric nitrate was added at the beginning 
of the experiment and the extract was tipped 
in after 30 minutes; or the extract was added 
at the beginning of the experiment and the 
germicide after 30 minutes. In the former 
case, the extract exerted no protective action 
detectable either by respiratory or methylene 
blue criteria. In the latter case, the respira- 
tion, which was initially increased above the 
control, fell below it upon addition of the 
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germicide and steadily decreased in rate until 
respiration had almost ceased after 45 min- 
utes, although no cells were dead by the 
methylene blue method. Again, protection is 
indicated. As a further check on the via- 
bility of the cells at the end of the experiment, 
a loop-full was taken from each respirometer 
flask and was plated out on sterile Sabou- 
raud’s medium and incubated at 30°C over 
night. Suspensions to which the germicide 
had been added after prior exposure to the 
extract gave as good growth as the controls, 
whereas the suspensions which were first ex- 
posed to the phenylmercuric nitrate gave no 
growth. 


During the preparation of the yeast ex- 
tracts, certain fractions were obtained which 
were without effect on the oxygen uptake of 
yeast or which had only an extremely slight 
effect (20% stimulation after 1 hour). 
These extracts were ineffective in offsetting 
the toxic action of the phenylmercuric nitrate 
as shown by respiration, methylene blue and 
plating criteria. 


The effects of the yeast extract in counter- 
acting the inhibitory action of phenylmer- 
curic nitrate on the growth of yeast was dem- 
onstrated as follows. Petri plates were pre- 
pared containing solid Sabouraud’s medium 
with different concentrations of phenylmer- 
curic nitrate. In half of the plates the me- 
dium also contained 1% of yeast extract. 
Each plate was inoculated in the center with 
a loopful of a 72-hour culture of a pure strain. 
of Saccharomyces cerevisiae isolated from 
Fleischmann’s bakers’ yeast. After 3 days 
of incubation at room temperature, the area 
of the yeast growth was measured with a 


TABLE I. 
Effect of Phenylmereuric Nitrate and Yeast Ex- 
tract on Growth of S. cerevisiae. 


Colony area in in2 
Dilution of —— 
phenylmercuric nitrate No extract 1% extract 


{ 


1:10,000 001 003 
1:20,000 -001 003 
1:30,000 005 
1: 40,000 004 008 
1:50,000 004 .008 
1:100,000 .020 
1:200,000 008 033 
No phenylmercurie nitrate .020 .047 
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planimeter. Results of a typical experiment 
are given in Table I. 

Discussion. The results reported demon- 
strate that an aqueous-alcoholic yeast ex- 
tract will protect bakers’ yeast from the toxic 
action of phenylmercuric nitrate. This pro- 
tection may be evaluated by respiration 
measurements, thus confirming earlier find- 
ings with regard to respiration as an index 
of toxicity.1?° However, after the respira- 
tion rate has fallen to zero, the yeast cells, 
under the conditions of the experiments, are 
still viable, as indicated by the methylene 
blue and plating experiments. Greig and 
Hoogerheide® have pointed out that bacterio- 
stasis may occur without alteration of meta- 
bolic rate. We have found that yeast ex- 
tracts not only increase oxygen uptake but 
also increase fermentation of yeast suspen- 
sions, and that “wound hormone” prepara- 
tions from yeast, while very active in increas- 
ing yeast proliferation, have relatively little 
effect on yeast respiration.’ It is well known 
that certain growth factors for yeast, such an 
pantothenic acid’ and biotin,® markedly in- 
fluence the metabolism of yeasts deficient in 
these substances. On the other hand, we 
have found the respiration of unstarved 
bakers’ yeast and of the pure strain of 
S. cerevisiae derived therefrom to be rela- 
tively little affected by most of the bios 
components,°:710 


6 Adams, P. D., Arch. Dermatol. and Syphilol., 
1936, 36, 606; Cook, E. 8., Chem. Products, 1939, 
1, 65, and 1939, A, 89; Amersbach, J. C., Nutini, 
L. G., and Cook, E. S., Arch. Dermatol. and 
Syphilol., 1941, 43, 948; Manifold, M. D., Proe. 
Roy. Soc. Med., 1940, 33, 12; Brcnfenbrenner, J., 
Hershey, A. D., and Doubly, J., J. Bact., 1939, 87, 
583; Ely, J. D., ibid., 1939, 38, 391; Greig, M. E., 
and Hoogerheide, J. C., tbid., 1941, 41, 549, 557; 
Baker, Z., Harrison, R. W., and Miller, B. F., 
J. Exp. Med., 1941, 73, 249. 

7 Cook, E. S., and Cronin, A. G., Studies Inst. 
Divi Thomae, 1941, 8, 205. 

8 Pratt, E. F., and Williams, R. J., J. Gen. 
Physiol., 1939, 22, 637. 

9 Burk, D., Winzler, R. J., and du Vigneaud, V., 
J. Biol. Chem., 1941, 140, xxi. 

10 Cook, E. S., Walter, E. M., Rack, F. J., Hilert, 
M. R., and Sawyer, M. A., Studies Inst. Divi 
Thomae, 1941, 3, 147. 


_'CospRA VENOM-MorPHINE ON Cats 


Summary. Phenylmercuric nitrate in a 
dilution of 1:100,000 is toxic to suspensions 
of bakers’ yeast as shown by respiration 
measurements, methylene blue staining, and 
plating. One per cent of an aqueous-alco- 
holic yeast extract protects yeast to some ex- 
tent from this germicidal action. Respiration 
may cease after introduction of yeast extract 
and phenylmercuric nitrate, but the yeast is 
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still viable as shown by methylene blue 
staining and plating tests. The imjortance 
of respiratory depression in the mechanism 
of phenylmercuric nitrate toxicity is. sup- 
ported, but caution must be exercised in the 
use of respiratory depression as a sole criterion 
of toxicity for yeast. The yeast extract over- 
comes the growth-depressant effects of 
phenylmercuric nitrate on yeast. 
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Comparison of Effects of Cobra Venom and Morphine on Unanesthetized 
Cat. 


Davin I. Macut. 
From the Pharmacological Research Laboratory, Hynson, Westcott § Dunning, Inc., 
Baltimore, Md. 


The effect of morphine on cats and other 
felines differs radically from that which it 
exerts on man and other higher animals in 
two respects. (1) Instead of depressing the 
brain and neuromuscular activity, it produces 
excitation and delirium. (2) Instead of 
causing myosis, morphine dilates the pupil. 
Since cobra venom is employed clinically as 
an analgesict* it was desirable to compare 
its effects with those of morphine on un- 
anesthetized cats because all previous studies 
on cats had been made under general anes- 
thesia. In the present paper a comparison 
was made of (1) behavior and neuromuscular 
activity and (2) the pupils of unanesthetized 
cats after administration of the respective 
drugs. 

Twenty cats were employed in this re- 
search. Inasmuch as the same animals were 
used repeatedly after complete recovery from 
successive injections, over 70 experiments were 
performed. The cobra venom employed was 
that made in these laboratories, free from 
hemotoxic and cytotoxic principles as well as 


1 Macht, D. I., Med. Rec., 1941, 153, 369. 

2 Chopra, R. N., and Chowhan, J. S., Ind. Med. 
Gaz., 1940, 75, 69. 

3Bullrich, R. A., and Ferrari, J. A., Prensa 
Medica Argentina, 1940, 27, 12. 

4 Barbeau, A., and Laurendeau, E., J. de 1’Hotel- 
Dieu de Montreal, 1940, 9, 114. 


proteins and virtually a solution of cobra 
neurotoxin. ‘This solution, assayed on mice, 
was injected intramuscularly in doses rang- 
ing from 5 to 20 m. u. per kilo of cat. Mor- 
phine was used in the form of sulfate. 

Behavior. While morphine induces in cats 
an excitement which increases with ‘size of 
the dose and lasts for 18 hours or more, cobra 
venom has an exactly opposite action. Doses 
of 5 to 10 m. u. per kilo of cobra venom had 
little or no effect on cats. Occasionally they 
effected a mild euphoria causing the cats to 
roll pleasurably on their backs in the same 
way in which they react to catnip. Larger 
doses of cobra venom (10 to 20 m. u.) were 
sedative. The animals lay quietly and 
drowsed but roused to a touch. Very large 
doses (40 m. u. per kilo) of cobra venom 
were more depressant and caused unsteadi- 
ness of gait and tremor. The behavior of cats 
injected with cobra venom is apparently the 
reverse of their reaction to morphine, which 
induced excitement corresponding to size of 
the dose. The mild primary stimulation 
supervening an hour after injection of cobra 
venom was followed by a sedation propor- 
tional to size of the dose and lasting over 
18 hours. 

Eyes. In all experiments on cat’s pupils 
constant illumination was maintained and 
there was no abrupt exposure to direct light. 
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Experiment on Maltese Cat Weiphimo 2.8 Kilo, 5-44-43 
12:00m., width of pupils about Smmsright, @ left, @ 
12:10 pm, injected 50 maz. af cobra venom 
12:40 pm., definite sedation; cat quiet; pupils same width 
2:00 pm., pupils much narrower, 2 mmwide; right, ¢ left, 4 
3:00 pm.,Cat somnolent, lying Comfortaliy; pupils very 
narrow, Slitlike,1to Zinm.wide; right, # left, + 
Next morning (5-15-43) behavior normal and both pupils, 3mm, @ 


Experiment on Black and White Cat Weighing 2.5 Kilo SHE 


12:00m., pupils 2+o 3:mm.wide; right, @ left, ¢ 
12:15 p.m. injected 30 m¢.of morphine sulphate in muscle 
12:40 p.m.,cat very restless and excited, pupils round and 
maximally dilated; right, @ left, @ 
2:00 pm. ;very excited, pupils maximally dilated, do 


not respond to light 


3:00 pm, cat restless excited; pupils still maximally dilated. 
Next morning (5-15-43) cat quiet but nervous. Pupils begmmmng 


to get smaller; 6mm. each; right, @ ict, 


Cats injected with morphine invariably re- 
vealed mydriasis, even after such small doses 
as 1 mg per kilo though injection of that 
amount may not excite. Larger doses of 
morphine were followed by maximal dilata- 
tion of pupils, which did not contract in 
bright light. The effect of cobra venom was 
much different. Doses of less than 5 m. u. 
per kilo did not affect the size of the pupil 
while larger doses (5 to 20 m. u. per kilo) 
produced a definite narrowing of the trans- 
verse diameter of the cat’s eyes, beginning 
usually an hour after injection of the venom 
and persisting often till next day. Doses of 
20 m. u. per kilo induced marked myosis and 
slit-like pupils with a transverse diameter of 
one mm. The respective effects of cobra 
venom and morphine on cats’ behavior and 
eyes are illustrated by the following proto- 
cols and drawings, which do not indicate abso- 
lute measurements but only relative sizes of 
their pupils. 
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Fie. 1. 
Effect of cobra venom and epinephrine on iris 
muscle. 


Sollmann® gives in detail the usual ex- 
planation for myosis in man after morphine 
and ascribes it to a stronger constrictor oculo- 
motor tone. The action is central. The 


‘CoBRA VENOM-MorRPHINE ON CATS 
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Fia. 2. 
Effect of cobra venom and other drugs on iris 
muscle, 
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Fie. 3. 
Effect of morphine and cobra venom on iris muscle. 


oculomotor constrictor center is in a state 
of partial inhibition through a variety of 
sensory impulses. When this inhibition is 
released by such narcotics as morphine, the 
increase of oculomotor tone produces a 
myosis. 

Local applications of cobra venom to the 
intact cats’ eyes had no effect on the iris. 
To study the action of cobra venom on the 
pupil in greater detail the present writer 
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experimented with the isolated iris muscle of 
cats im vitro by the method first described by 
Macht®? and later employed by Poos® and 
then by Yonkman.® It was found that 
neither morphine (5 mg in 100 cc of Locke 
solution) nor cobra venom (10 m. u. in 100 
cc of Locke solution) effected any change in 
tonus of the circular muscle. Larger doses, 
especially of crude cobra venom (1 mg in 
100 cc of Locke), slowly relaxed the muscle 
by its cytotoxic action, yet the muscle still 
responded to such agents as ergotoxin. The 
data obtained reveal that the myosis cobra 
venom effects is not peripheral but central in 
origin, a finding corroborated by the results 
of tests which the author made on decere- 
brated cats with the assistance of Dr. M. B. 
Macht, neurophysiologist. In these experi- 
ments the upper brain was severed just below 
the thalamus while the oculomotor nuclei 
were left intact. Postoperative injection of 
cobra venom in such animals also narrowed 
the pupils. 

Summary. 1. In unanesthetized cats mor- 
phine induces progressive excitation of the 
central nervous system and neuromuscular 
apparatus while cobra venom effects a seda- 
tion proportionate to dose of neurotoxin 
given. 2. While even small doses of morphine 
produce extreme dilatation of the pupil, cobra 
venom in small doses has little or no effect 
on its size though in larger doses it causes a 
definite myosis. 3. The evidence presented 
proves that this narrowing of cat’s iris is due 
to a central action of the drug, which height- 
ens the tonus of the oculomotor nucleus. 


5 Sollmann, T., Manual of Pharmacology, Phila- 
delphia, 1942, p. 277. 

6 Macht, D. I., Arch. internat. Pharmacodyn. et 
Thérap., 1922, 27, 175. 

7 Macht, D. I., Offener Brief, ete., Arch. f. exp. 
Path. u. Pharm., 1938, 132, 382. 

8 Poos, F., Arch. f. exp. Path. u. Pharm., 1927, 
126, 307. 

9Yonkman, F., J. Pharm. and Exp. Therap., 
1931, 40, 195. 
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-Quantitation of Changes of Vasomotor Tone.* 
Change of Vasomotor Tone as Cause of Traube Hering Waves. 


Harotp D. GREEN, RoBert N. Lewis, AND NEIL D. NICKERSON. 
From the Department of Physiology, Western Reserve University Medical School, Cleveland, O. 


This paper presents a technic for expressing 
quantitatively changes in vasomotor tone 
which has been applied successfully in a 
number of experiments. The description will, 
however, be limited to a single typical ex- 
periment in which the vasomotor tone was 
oscillating spontaneously (Traube Hering 
waves). 

Method. The hind limb of an anesthetized 
dog was isolated at mid-thigh by two tight 
wire ligatures which compressed all struc- 
tures except the femoral artery and vein and 
the sciatic and saphenous nerves. The dog 
was heparinizedt and blood flow from a con- 
stant pressure reservoir into the femoral ar- 
tery measured with a photographically re- 
cording orifice meter! at each of a series of 
perfusion pressures from 10 to 105 mm Hg. 
The femoral arterial (perfusion), femoral 
venous and aortic pressures were recorded 
simultaneously. 

Results, The aortic pressure oscillated 
rhythmically between 100/80 and 120/100 
at the rate of one cycle per 17 seconds; the 
venous pressure was 10 mm Hg. At per- 
fusion pressures of 10 and 30 mm Hg, no flow 
occurred; at/a pressure of 48 mm Hg the flow 
oscillated rhythmically from 0 to 0.7 cc/min., 
each increase and decrease of flow preceding 
slightly the associated decline and rise of 
aortic pressure. At: higher perfusion pres- 
sures the flow was continuous but oscillated 
between maximum and minimum rates. The 
simultaneous measurements of flow (abscissal 
scale—blood flow cc/min.) and tke differ- 
ence of pressure between the femoral artery 
(perfusion pressure) and vein (ordinate scale 


* Supported by a grant from the Commonwealth 
Fund. 

{ Liquaemin (Courtesy Roche Organon, Inc.)— 
0.3 ml/kg initially plus 0.1 ml/kg/half hour. 

1Gregg, D. E., and Green, H. D., Am. J. Physiol., 
1940, 130, 114. 


AP-VP mm Hg) at moments of maximum 
(a, b, c, etc.) and of minimum (at, b?, c’, 
etc.) flow at each perfusion pressure are 
plotted in Fig. 1. 

Discussion. Since the curves P,Funconstricteay 
and P,Foonstrictea drawn through the points 
of maximum and minimum flow respectively 
yield smooth divergent lines it is felt that 
the vessels assumed the same degree of con- 
striction and dilation at the minimum and 
maximum points throughout the series of flow 
measurements. Therefore such pairs of curves 
express most Satisfactorily the change of 
vasomotor tone. However, it is desirable in 
many experiments to find some numerical 
expression for the change of tone which can 
be plotted with respect to time or which can 
be used in comparing the results of one ex- 
periment with those obtained in another. 

Alterations of vasomotor tone are often 
thought to parallel changes of peripheral 
resistance—defined as the ratio of pressure to 
flow. However, as may be seen from the 
curve P,Funconstricteay the peripheral resistance 
changed from 27 mm Hg/cc/min. at a dif- 
ference of pressure of 54 mm Hg to 8.6 mm 
Hg/cc/min. at a difference of pressure of 86 
mm Hg in the absence of any active change 
of vasomotor tone. Furthermore, the periph- 
eral resistances at point c in the unconstricted, 
and at point g’ in the constricted state are 
approximately the same—50 and 54 mm 
Hg/cc/min. respectively—although the vaso- 
motor tone is obviously much greater at g’. 

Change of vasomotor tone has often been 
computed in terms of the ratio of flow in an 
unconstricted state to the flow in the con- 
stricted state when the vascular net is per- 
fused at a constant head of pressure. In 
order for this procedure to have quantitative 
significance, this ratio should be the same 
regardless of the perfusion pressure used. 
However, as shown in Fig. 1 by the plot of 
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Fia. 1. 

Plots of simultaneous measurements of the flow through the isolated vascular net of the 
femoral artery (blood flow cc/min) and of the difference of pressure between the femoral artery 
and vein (AP-VP.—mm Hg) of an anesthetized dog during the moments of maximum vasocon- 
striction P,F oo strictea 2nd maximum vasodilation P,F  ooustricteq? OCCurring during a continu- 
ous series of Traube Hering waves. a, a’; b, b’; ¢, ce’; etc., are the corresponding maximum 

_and minimum flows at each perfusion pressure. 

Pe/Pu = plot of the ratio of the difference of pressure (AP-VP.—mm Hg) in the con- 
stricted state to the difference of pressure in the unconstricted state necessary to cause a given 
rate of flow (upper ordinate seale—Pe/Pu) vs. the rate of flow (abscissal scale—blood flow 


in cc/min). 


Fu/Fe = plot of the ratio of the rate of flow in the unconstricted state to the rate of flow 


» 


Fu/Fc (abscissal scale) vs. the arteriovenous 
difference of pressure (ordinate scale), this 
ratio is approximately 6/1 at a difference of 
pressure of 86, but increases to 23/1 at a 
difference of pressure of 55 and to infinity at 
a difference of pressure of 40. 

Comparison of the ratio of the difference 
of pressure in the constricted state to the 
difference of pressure in the unconstricted 
state necessary to cause the same flow indi- 
cates that this ratio varies only from 1.7/1 
to 2.3/1 (see plot of Pc/Pu (ordinate 
scale) vs. flow (abscissal scale) in Fig. 
1.) In view of the greater constancy 


in the constricted state at each of several differences of pressure (abscissal scale — Fu/Fc) vs. 
the difference of pressure (ordinate scale — AP-Vp.-mm Hg). 


of this ratio which has been confirmed 
in many other experiments, it is our 
belief that changes of vasomotor tone may 
best. be expressed in terms of the ratio of the 
A-V difference of pressure in the constricted 
(or experimental) state to the A-V difference 
of pressure necessary to cause the same flow 
in the unconstricted (or control) state. 

Computed by this method, it appears that 
the Traube Hering waves seen in this experi- 
ment were due to rhythmic changes in vaso- 
motor tone which had a value of approxi- 
mately 1.7/1 in the hind leg and recurred at 
the rate of one cycle/17 seconds. 
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Antibacterial Effects of Quinones.* 


W. D. Armstronc, WESLEY W. SPINK, AND JEANNE KAHNKE, 
From the Divisions of Physiological Chemistry and Internal Medicine, Medical School, Univer- 
sity of Minnesota. 


Fosdick, Fancher and Calandra! reported 
that small amounts of synthetic vitamin K 
(2-methyl-1,4-naphthoquinone) prevented the 
production of acid when saliva-glucose mix- 
tures were incubated. Armstrong and Knut- 
son? demonstrated that this effect of 2- 
methyl-1,4-naphthoquinone is due to the 
quinone structure of the compound and 
found that the same result could be obtained, 
in varying degree, with other naphtho-, tolu- 
and benzoquinones. Increased interest in the 
bacteriostatic and bactericidal influence of 
quinones is derived from the reports relating 
the activity of at least two antibiotic sub- 
stances to quinones. Fumigatin (3-hydroxy,- 
4-methoxy,2:5-tolu-quinone) produced by 
Aspergillus fumigatis, possesses a definite 
ability to inhibit the multiplication of several 
gram-positive organisms.* Certain synthetic 
dimethyoxy quinones related structurally to 
fumigatin have been found to exert a remark- 


* This work was aided by a grant from the 
William John Gies Fund of the American College 
of Dentists and by a grant from the Carnegie 
Corporation. We also wish to express our thanks 
for gifts of material used in this work as follows: 
Dr. Lows F. Feiser, Harvard University 
(2-hydroxy1,4-naphthoquinone and 1,2-naphtho- 
quinone-4-potassium sulfonate) ; Dr. Richard Kohn- 
Richards, Abbott Laboratories (Hykinone and 
2-methyl-1,4-naphthoquinone) ; Dr. Oliver Kamm, 
Parke Davis (Synkamin); Dr. Walter M. Lauer, 
University of Minnesota (2,6-dimethoxy benzo- 
quinone); Dr. Karl Folkers, Merck and Company 
(sodium 2-methyl-1,4-naphthohydroquinone disul- 
fate); Dr. J. M. Oarlisle, Merck and Company 
(penicillin) ; and Dr. Eleanor Bliss, Johns Hopkins 
University Hospital (tle culture of C203 strain 
streptococcus). 

1 Fosdick, L. S., Fancher, O. E., and Calandra, 
J. C., Science, 1942, 96, 45. 

2 Armstrong, W. D., and Knutson, J. W., Proc. 
Soc. Exp. Bion. AND Mep., 1943, 52, 307. 

3 Oxford, A. E., and Raistrick, H., Chemistry 
and Industry, 1942, 61, 128. 


able antibacterial effect in vitro.4> Waksman 
and Woodruff* note that actinomycin con- 
tains a quinone group and report a com- 
parison of the bacteriostatic effect of tolu-p- 
quinone wich that of several antibiotic agents. 
The same quinone was found’ to exhibit a 
high degree of effectiveness in interfering with 
the luminescence of Photobacterium fischeri 
and a considerable bacteriostatic action 
against Streptococcus pyogenes. 


The previous report? from this laboratory 
noted that several of the quinones which are 
effective in the prevention of acid formation 
in incubated saliva-glucose mixtures had been 
found to inhibit the growth of certain strains 
of streptococcus, staphylococcus and pneumo- 
coccus in liquid media. The present report 
presents quantitative data with respect to the 
required bacteriostatic and lethal concentra- 
tions of several quinones against two species 
of gram-positive pathogenic cocci. The co- 
agulase-positive strain of staphylococcus was 
originally isolated from a patient with an 
osteomyelitic sinus. This strain was trans- 
ferred daily in broth and was carried through 
at least 3 successive transfers before being 
employed in these experiments. After 14 
transfers the culture was discarded and a 
fresh series of transfers were started from a 
colony on an agar plate. The streptococcus 
was strain C703 kindly supplied by Dr. 
Eleanor Bliss of the Johns Hopkins Univer- 
sity Hospital. This strain was transferred 
twice daily in glucose broth and several times 
during the progress of the work it was reiso- 
lated from blood agar plates. 


4 Oxford, A. E., Chemistry and Industry, 1942, 
61, 189. 

5 Oxford, A. E., J. Chem. Soc., 1942, p. 577. 

6 Waksman, S. A., and Woodruff, H. B., J. Bact., 
1942, 44, 373. 

7 Rake, G., Jones, H., and McKee, C. M., Proc. 
Soc. Exp. Biot. AND Mep., 1943, 52, 136. 


ANTIBACTERIAL EFFECTS OF QUINONES 


The quinones or other substances to be 
tested, which were conveniently soluble in 
alcohol, were made up in this solvent so that 
equal volumes contained equal molecular 
amounts of the several substances. The 
materials not soluble in alcohol were dis- 
solved in sterile distilled water or an appro- 
priate solventt to produce solutions of the 
same molecular concentration as the alcoholic 
solutions referred to above. The required 
volumes (0.025 to 1.0 cc) of these solutions 
were transferred to sterile 25 cc volumetric 
flasks so as to produce in the final volume to 
be incubated definite molecular quantities of 
each substance. In the case of the experi- 
ments with the staphylococcus these quanti- 
ties corresponded, on a molecular basis, to 
0.125 to 5.0 mg of 2-methyl-1,4-naphtho- 
quinone per 100 cc of the final dilution. The 
increment of concentration, expressed in the 
same manner, between flasks of each series 
was 0.125 mg between the first 2 flasks and 
0.25 mg between subsequent flasks. The 
non-aqueous solvents were evaporated under 
reduced pressure in a vacuum desiccator 
causing the quinone to be deposited as a film 
over the wall of the flask. Sufficient water 
was added to all flasks so that the total 
volume of added water was 1.0 cc. The in- 
oculum was prepared by adding 1.0 cc of a 
10° dilution of a 24-hour broth culture of 
the staphylococcus to each 8.0 cc of a large 
volume of broth.+ Nine cubic centimeters of 
the resulting dilution of organisms in broth 
were transferred to each of the 25 cc volu- 
metric flasks, the same lot of bacterial sus- 
pension always being used to inoculate each 


t Water was the solvent for phenol, penicillin, 
and 1,2-naphthoquinone-4-potassium sulfonate; ab- 
solute alcohol for sulfathiazole; chloroform for 
2,5-dichlorobenzoquinone and 2,6-dimethoxybenzo- 
quinone; ether and alcohol for tetrachlorobenzo- 
quinone. 2-Methyl-l-naphthol-4-amino hydrochlo- 
ride and an equal quantity of sodium bisulfite were 
dissolved in water. 

$ The broth contained 10 g peptone (Cudahy’s), 
5 g extract of beef (Limco), and 5 g NaCl per 
1000 ce. The final pH of various batches varied 
between 7.09 and 7.35. The 0.5% glucose broth 
had the same composition except for the addition 
of separately sterilized glucose and a final pH 
range of various batches of 7.3 to 7.6. 
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of the flasks in a series set up to determine 
the bacteriostatic and lethal concentrations 
of a particular substance. The mouth of each 
flask was covered by a small sterile vial and 
the space between the neck of each flask and 
the vial was filled with a ring of cotton. The 
flasks were incubated with constant shaking 
at 37° for 4-5 hours and the incubation con- 
tinued without agitation for a total of 48 
hours. The solutions were examined for 
growth of the organisms after 24 and 48 horrs 
of incubation by noting whether a turbidity 
distinct from the appearance of uninoculated 
broth was present. All solutions which ap- 
peared to exhibit no growth after 48 hours 
were tested for sterility by observing the 
growth, after 24 hours, on nutrient agar pour 
plates prepared with 1.0 cc of the solution in 
question. In critical cases sterility was also 
tested by inoculating several loopfuls of the 
suspected solution into 10 cc of broth. 


In Table I is shown the minimum amounts 
of several quinones and other substances re- 
quired to inhibit the growth of the staphylo- 
coccus for 24 hours and for 48 hours, and the 
quantities of the same substances required to 
kill the organisms present in the original in- 
oculum. In several instances the results of 
duplicate experiments carried out on different 
dates are shown. In the case of a few sub- 
stances, noted by the sign indicating “greater 
than”, quantities equal to 29 « 10° mols 
per 100 cc (equivalent to 5.0 mg per 100 ce 
of 2-methyl-1,4-naphthoquinone) were totally 
ineffective against this strain of staphylococ- 
cus under the conditions of these experiments. 
Concentrations greater than 29 « 10° mols 
per 100 cc were not employed in this study 
since this amount is 10 times the quantity 
required to produce bacteriostatic and bac- 
tericidal results in the case of the most effec- 
tive quinones. 

Oxford+ has previously reported 2,6-di- 
methoxy benzoquinone to inhibit the growth 
of a certain strain of staphylococcus in a dilu- 
tion of 1:400,000 and was inferior in this re- 
gard only to 4,6-dimethoxy toluquinone. It is 
to be noted that 2-methyl-1,4-naphthoqui- 
none equals, and the other naphthoquinones 
approach, the ability of 2,6-dimethoxy-benzo- 
quinone to inhibit the growth or to kill the 


232 


ANTIBACTERIAL EFFECTS OF QUINONES 


TABLE I. 
In vitro Antibacterial Effects Against a Strain of Staphylococcus of Quinones and ,Other Substances 
Compared on a Molecular and on a Weight Basis. 


Minimum concentraticas required for complete 


Inhibition of growth for Sterility 
———, after 
24 hr 48 hr 48 hr 
a eS Se a 
Mols per _ Mols per Mols per 
No. 100ce Mgper 100ce Mgper 100ce Mgper 
Compound Organisms xL06  100ce x108 100ce xil06nml0iies 
2-Methyl-1,4-naphthoquinone 3,200 2.9 0.50 2.9 0.50 2.90 0.50 
2,030 2.9 0.50 4,35 0.75 4,35 0.75 
2,6-Dimethoxy-benzoquinone 3,580 2.9 0.49 2.9 0.49 2.90 0.49 
2,030 2.9 0.49 4.35 0.73 4.35 0.73 
1,4-Naphthoquinone 4,000 7.25 1.15 8.7 Ways) 8.70 1.38 
1,2-Naphthoquinone 4,200 4.35 0.69 8.7 1.38 10.15 1.60 
2-Methyl-1,4-naphthohydroquinone 3,600 2.9 0.50 2:9 0.50 2.90 0.50 
2-Methyl1-1-naphthol-4-amino 
hydrochloride 3,500 2.9 0.61 4.35 0.91 4.35 0.91 
Benzoquinone 3,600 >29.0 >3.14 >29.0 >3.14 
1,650 8.7 0.94 8.7 0.94 
1,500 7.25 0.78 8.7 0.94 8.70 0.94 
Hydroquinone 3,420 5.8 0.64 7.205 0.80 7.25 0.80 
1,520 5.8 0.64 7.25 0.80 7.25 0.80 
Tolu-para-quinone 4,040 >29.0 53:58 >29.0 3.58 
2,240 14.5 1.77 14.5 Heh 
1,500 23.2 2.83 29.0 3.58 
Tolu-hydroquinone 2,780 5.8 0.72 7.25 0.90 8.70 1.08 
1,750 7.25 0.90 8.7 1.08 8.70 1.08 
2-Hydroxy-1,4-naphthoquinone 2,750 29.0: 15.03 29.0) 5.03 
1,2-Naphthoquinone-4-potassium sulfonate 1,940 >29.0 8.03 >29.0 >8.03 
2,5-Dichlorobenzoquinone 1,820 23.2 4.11 >29.0 >5.14 
Tetra-Chlorobenzoquinone 2,300 TRG 2.85 11.6 2:85>;- 11.6 2.85 
Sulfathiazole 2,900 >29.0' >7.42 >29.0 >7.42 
Phenol 1,720 529.0) 2ef8 29:0) 12503 
strain of staphylococcus used in these experi- bacterial potency against this strain of 


ments. The results obtained with 2-methy]l- 
1-naphthol-4-amino hydrochloride (Synka- 
min of Parke Davis) are to be explained by 
its ready oxidation to the corresponding 
1,4-naphthoquinone, a fact which also ac- 
counts for its vitamin K activity. The 
marked effect produced on antibacterial 
ability by substitution in the quinoid ring is 
seen when one compares the results obtained 
with 1,2-naphthoquinone versus 1,2-naphtho- 
quinone-4-potassium sulfonate, and those ob- 
tained with 2-methyl-1,4-naphthoquinone and 
1,4-naphthoquinone versus 2-hydroxy-1,4- 
naphthoquinone. Benzoquinone and _tolu- 
quinone had previously been recognized as 
possessing a certain degree of antibacterial 
ability and this study shows that the corres- 
ponding hydroquinones exhibit equal or 
greater effects of the same sort. In the same 
connection, it is to be noted that 2-methy]l- 
1,4-naphtho-hydroquinone possesses an anti- 


staphylococcus equal to that of the corres- 
ponding quinone. While a broth medium 
containing peptone is not the optimum me- 
dium for the demonstration of the effective- 
ness of sulfathiazole against staphylococci, 
the results with this substance and with 
phenol show them to be less than one-tenth as 
effective, under the conditions of these ex- 
periments, as the most potent of the quinones. 

Table II contains the results obtained in 
2 groups of experiments in which a single 
suspension of staphylococci in broth fur- 
nished all the inocula for the experiments in 
each group. All solutions in each group of 
experiments, one using plain broth and the 
other glucose broth, were incubated concur- 
rently. It is thus possible to compare the 
relative bacteriostatic effectiveness of the 
substances named in Table II under identical 
experimental conditions. The data given per- 
mit the calculation that the penicillin was 
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TABLE II. 
Comparisons of Antibacterial Effects Against a Strain of Staphylococcus Substances Under Uniform 
Conditions of Inoculum. 


Minimum concentrations required for complete 


Inhibition of growth 
in plain broth* 


Inhibition of growth 
in glucose brotht 


24 hr 48 hr 24 hr 48 hr 
a ae ees aaa a LN Es Nr te Nee Tre he et 
Mols per _ Mols per Mols per Mols per 
100ce Mgper 160cc Mgper 100cec Mgper 100ce Mgper 
Compound x106 100ce «106 100ee x106 100ce x106 100¢ce 
2-Methyl-1,4-naphthoquinone 2.9 0.50 2.9 0.50 4.35 0.75 4.35, 0.75 
2,6-Dimethoxybenzoquinone 2.9 0.49 2.9 0.49 5.70 0.98 7.28 1.22 
1,4-Naphthoquinone 5.8 0.92 5.8 0.92 10.15 1.60 13.06 2.06 
1,2-Naphthoquinone © 4.35 0.69 5.8 0.92 
2-Methyl-1,4-naphthol-4-amino 
hydrochloride 2.9 0.61 2.9 0.61 4,35 0.91 5.80 1.21 
Tolu-hydroquinone 7.25 0.90 17.4 2.16 
Penicillin 3t 4t : 


* Size of inoculum—1,920 organisms. 
+ Size of inoculum—6,410 organisms. 


t Florey units per 100 cc; one unit of material used equivalent to 0.0091 mg. 


approximately 13 to 18 times as effective, on 
a weight basis, as 2-methyl-1,4-naphthoqui- 
none or 2,6-dimethoxy benzoquinone. How- 
ever, the sample of penicillin was probably 
not a pure substance and its molecular weight 
is undoubtedly higher than either of the two 
quinones mentioned above. Therefore, the 
actual effectiveness of penicitlin, both on a 
weight basis and on a molecular basis, in 
relation to the antibacterial activity of the 
two most potent quinones is undoubtedly 
higher than these calculations serve to indi- 
cate. The higher amounts of the quinones 
required for bacterial inhibition in glucose 
broth in comparison to the quantities needed 
for the same purpose in plain broth is probably 


due to the fact that glucose broth is a more 
favorable medium for the growth of staphylo- 


cocci. 


There is some suggestion in Table I that 
the minimum antibacterial concentrations of 
quinones is conditioned in part by the number 
of organisms in the inoculum. Some addi- 
tional information as to the magnitude ofthis 
factor was obtained in regard to 2-methyl- 
1,4-naphthoquinone using inocula of 1,500, 
11,000 and 147,000 staphylococci. The mini- 
mum concentrations of this quinone required 
to prevent detectable growth of the organ- 
isms for 24 hours in broth were respectively 
0.50, 1.0 and 1.25 mg per 100 cc. 

On account of the growth characteristics 


TABLE III. 
In vitro Antibacterial Effects Against a Strain of Streptococcus of Quinones Compared on a 
Molecular and on a Weight Basis. 


Minimum concentrations required for complete 


Inhibition of growth Sterility 
a Pal i Tes Se ie 
Mols per 100 ee Mols per 100 ee 
Compound x106 Mg per 100 ee x106 Mg per 100 ee 

2-Methyl-1,4-naphthoquinone 1,16 0.200 1.16 0.200 
2,6-Dimethoxy-benzoquinone <0.290 <0.049 <0.29 <0.049 
1,4-Naphthoquinone 0.87 0.137 1.15 0.183 
Tolu-hydroquinone 0.58 0.072 0.58 0.072 
2-Methyl-1-naphthol-4-amino hydrochloride* 1.45 0.303 >5.8 >1.21 
2-Methyl-1,4-naphthoquinone sodium 

bisulfite addition compoundt 1.45 0.400 58 >1.60 


* ‘“Synkamin’’ of Parke Davis. 
t Abbott’s ‘‘ Hykinone.’’ 
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of the streptococcus C203, it was necessary to 
use 8-hour cultures, to terminate the incuba- 
tion after 16 hours, to employ 0.5% glucose 
broth, and to use inocula of higher counts. 
The experiments were otherwise carried out 
essentially as described above. Sterility tests 
were done after the incubation period, by in- 
oculating 1 cc of the solutions into blood agar 
pour plates. 

The results in Table III, pertaining to the 
first 4 substances, were obtained in the course 
of the experiment using inocula of 27,000 


SALICYLATES AND HyPOPROTHROMBINEMIA 


streptococci. Inocula of 153,000 organisms 
were used in the experiment which gave the 
data with respect to “Synkamin” and “Hyki- 
none.” It will be noted that several of these 
substances appear to exert a considerably 
greater antibacterial action against the C203 
streptococcus than was observed in the case 
of the staphylococcus. None of the substances 
named in Table III in a concentration as 
high as 29.0 10° mols per 100 cc exerted 
any bacteriostatic or bactericidal effect 
against a strain of Escherichia colt. 
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Production of Hypoprothrombinemia and Hypocoagulability of the 
Blood with Salicylates.* 


Ovip O. MEYER AND BERYL HOWARD. 


From the Department of Medicine, University of Wisconsin Medical School. 


It has recently been reported by Link, 
Overman, Sullivan, Huebner and Scheel* that 
salicylic acid and sodium salicylate adminis- 
tered repeatedly, or in single doses, orally or 
intravenously, are capable of producing hy- 
poprothrombinemia in rats. It had already 
been established”? that salicylic acid is a 
degradation product of Dicumarol (3,3’ 
methylenebis (4-hydroxycoumarin) ), which is 
now recognized to be a hypoprothrombinemic 
agent. In August of 1942 the observations 
of Link et al.1 were made known to us, and 
shortly thereafter clinical investigations were 
begun in an attempt to reproduce the animal 
experiments. At the same time Dr. Shepard 
Shapiro of New York City Welfare Hospital, 
New York University, Division III, began 
similar studies independently. 

The experimental group consisted of 31 


* These studies were aided by a grant from the 
Wisconsin Alumni Research Foundation. 

1 Link, K. P., Overman, R. 8., Sullivan, W. R., 
Huebner, C. F., and Scheel, L. D., J. Biol. Chem., 
1943, 147, 463. 

2Stahmann, M. A., Huebner, C. F., and Link, 
K. P., J. Biol. Chem., 1941, 138, 513. 

3 Huebner, C. F., and Link, K. P., J. Biol. Chem., 
1941, 138, 529. 


adults, males and females, about a fourth of 
whom were normal individuals—nurses, tech- 
nicians, and medical students—and the rest 
patients in the State of Wisconsin General 
Hospital who were afflicted with a wide va- 
riety of illnesses, arthritis of various types 
being the most common. These subjects re- 
ceived salicylates, in the form of acetylsali- 
cylic acid or sodium salicylate in daily doses 
ranging from 20 to 80 grains (1.3 g to 5.3 
g) for periods of 3 to 11 days. 

Methods. The prothrombin time was de- 
termined on undiluted plasma with Quick’s 
method as modified by Pohle and Stewart.* 
On each day that tests were made, one or 
more untreated patients was tested to serve 
as a control upon the technic used and the 
potency of the thromboplastin. Ordinarily 
the thromboplastin was of such potency as to 
result in a normal prothrombin time of 10 to 
11 seconds for this group of experiments. 
The approximate percentages of prothrombin 
in human plasma as derived from the chart 
of Pohle and Stewart are as follows: A time 
of 12.5 seconds indicates a concentration of 


4Pohle, F. J., and Stewart, J. K., Am. J. Med. 
Sc., 1939, 198, 622. 
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TABLE I. 
Effect of Administration of Acetylsalicylic Acid in 8 Individuals upon the Prothrombin Time 
and Coagulation Time. 


Days 
Control* 1* 2* aye 4* 5* 6* 7 8 
| 
Prothrombin time in sec, avg UO 4 Gylded TO) U6) L719 11.0 10.8 
Coagulation time in min, avg EOC See Sto er deeOne ES ile 20.3) 825) 9 ALTeT 14.5 17.6 


4cases 5 cases 


*5 grains (0.3 g) acetylsalicylic acid q.i.d. 


about 50% of normal; 19 seconds, 25% of 
normal; and 30 seconds, 12.5% of normal. 

The coagulation time was measured at 
room temperature by the two-tube method of 
Lee and White.® The precautions that were 
employed to insure accuracy have already 
been described. The liver function in many 
but not all was established as normal by the 
intravenous hippuric acid test of Quick.® 

Materials. In all but one group of experi- 
ments the salicylates were administered 
orally, in tablet form, in 4 or more equally 
divided doses. In one series of experiments 
single doses of 30 to 40 grs. (2 to 2.6 g) 
were given. 

Results. Thirteen subjects received 80 
grains (5.3 g) of acetylsalicylic acid daily for 
periods of 3 to 11 days. For all but one of 
these both the prothrombin time and coagula- 
tion time varied significantly. The increase 
in prothrombin time ranged from a minimum 
of 1 second, which is significant under the 
controlled conditions set up, to a maximum 
of 4.5 seconds. In most cases the individual 
maximal prolongation was 2 or 3 seconds, a 
reduction of prothrombin to about 50% of 
normal; the coagulation time increased from 
an average control level of 18 minutes to 25 
minutes. Usually an effect was discernible 
the day after the first administration of the 
drug, but in most instances the maximal 
hypoprothrombinemia and hypocoagulability 
were not observed until after three or four 
days or more of drug administration. They 
were not always exactly synchronous in their 
appearance, although there was, as might be 
anticipated, some rough parallelism. After 
administration of the drug had ceased the 
prothrombin level and coagulability of the 


5 Lee, R. I., and White, P. D., Am. J. Med. Sc., 
1913, 145, 495. 
6 Quick, A. J., Am. J. Med. Sci., 1933, 185, 630. 


for seven days. 


blood usually returned to normal in from 2 
to 4 days. 

Smaller doses of acetylsalicylic acid, 20 
grs. (1.3 g), were given to 8 subjects, 7 of 
whom were normal individuals. In every one 
of these the prothrombin time increased sig- 
nificantly, and in 7 of the 8 the coagulation 
time of the blood also increased significantly. 
The averages for the group are shown in 
Table I. 

An individual experiment of this group is 
shown in Chart I. 

Acetylsalicylic acid was administered in 
single doses of 30 grains (2 g) to 6 patients 
and in single doses of 40 grains (2.6 g) to 6 
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TIME IN DAYS 
Cuarr? 1. 

Effect of administration of 20 grains (1.3 g) of 
acetylsalicylic acid in 4 divided doses daily to a 
male patient, T.U. Arrows indicate days that drug 
was administered. 
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TABLE II. 
Effect of Administration of Acetylsalicylic Acid and Vitamin K in 6 Individuals upon the 
Prothrombin Time and Coagulation Tme. 


Days 
control 
ce 
Prothrombin time, sec, avg 10.9 
Coagulation time, min, avg 14.5 


1 2 3 4 5 6 
10.8 tie8 bit 11 aA 11.1 
13.6 14.7 146 155 14.7 a E33 

: 4 cases 


P—2 mg Proklot 3 times a day. 


*P—2 mg Proklot 3 times a day, 2-methyl-1,4-naphthaquinone (Proklot), and 5 grs (0.3 g) 


acetylsalicylic acid 4 times a day. 


others, but no very significant increase in the 
prothrombin or blood coagulation time re- 
sulted. To consistently produce alterations 
in man with ordinary doses, repeated admin- 
istration of a salicylate is usually necessary. 
There is a similarity here to the results in 
animals.? 

Sodium salicylate was administered to 6 
patients in divided doses of 75 to 80 grs. 
(5 to 5.3 g) for periods of 7 and 8 days, and 
in divided doses of 40 grs. (2.6 g) to three 
others for periods ranging from 3 to 8 days. 
The effects with the smaller doses were sim- 
ilar to those with the larger and were similar 
in all respects to those with acetylsalicylic 
acid. Significant hypothrombinemia and 
hypocoagulability occurred in 7 of the 9 
patients. Prothrombin time increased from 
a control level of 11 seconds to a maximum 
of 15 seconds. The minimum prolongation 
in these 7 patients was 1.0 second. In one 
patient the coagulation time was increased 
from 19 to 32 minutes. This great increase 
was exceptional, but significant prolongation 
in the coagulation time appeared to be the 
rule. é 

Salicylates and Vitamin K. It is now well 
known that vitamin K will usually correct 
the hypoprothrombinemia associated with 
obstructive jaundice or that of the newborn, 
and that it will fail, save with minimal ef- 
fective doses of Dicumarol and very large 
doses of vitamin K,’ to correct the hypo- 
prothrombinemia resulting from Dicumarol ad- 
ministration. Hence it was a matter of in- 
terest to determine whether or not the com- 
bined administration of acetylsalicylic acid 
and vitamin K would prevent the hypopro- 


7 Shapiro, S., Redish, M. J., and Campbell, H. A., 
Proc. Soc. Exp. Biot. AnD Mep., 1943, 52, 12. 


thrombinemia. It has already been shown by 
Link e¢ alt that vitamin K was completely 
effective in preventing the salicylate hypopro- 
thrombinemia in animals. 

Six subjects, 2 of whom were the same 
persons used in the study reported in Table I, 
were given, after control determinations of 
prothrombin time and coagulation time, 2 mg 
of 2-methyl-1,4-naphthaquinone  (Proklot) 
three times a day and, beginning a day later, 
0.3 g (5 grs.) of acetylsalicylic acid 4 times 
a day. Both drugs were continued daily for 
4 days thereafter. In not one of the 6 indi- 
viduals did a significant change in the pro- 
thrombin time or coagulability of the blood 
occur. This was particularly striking in the 
2 individuals, B.H. and M.S., who partici- 
pated in the previous study, since in both of 
them striking changes in prothrombin and in 
coagulation time had occurred before. 


The averages of the results are shown in 
Table II and they can be compared with 
Table I. 

Discussion. These studies in man confirm 
the observations of Link, Overman, Sullivan, 
Huebner, and Scheel.1 The basis for the in- 
vestigations lies in the recognition by Hueb- 
ner? that Dicumarol, which is capable of 
producing hypoprothrombinemia, might con- 
ceivably be degraded in the body into sali- 
cylic acid, and the salicylic acid or a product 
arising therefrom causes the hypoprothrom- 
binemia.1_ This matter has been discussed in 
detail in an excellent paper by Link and his 
associates.! 

The earlier studies in animals and the ob- 
servations here recorded explain certain long- 
known and recorded observations, which have 
received little or no attention, upon the 
hazard of hemorrhage that attends the ex- 
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hibition of large doses of salicylates. Binz® 
stated that in some persons salicylic acid 
produced hemorrhages in the mucous mem- 
branes, and frequent or excessive menstruation 
in some females. Though the mechanism was 
not explained, he urged caution. Purpura 
following the administration of a salicylate 
was reported by Ramond®. Hurst and Lin- 
tott?® reported a case wherein hematemesis 
attended the administration of aspirin. 


It has been widely accepted that epistaxis 
and other hemorrhagic symptoms, such as 
hematuria, are not unusual manifestations of 
acute rheumatic fever. Rinehart, Connor, 
and Mettier™! have suggested that a scorbutic 
state might be the basis of the hemorrhagic 
manifestations in these patients. This and 
other readily conceivable factors might fur- 
nish the explanation. But the possibility 
still remains that in some of these cases the 
administration of large doses of salicylates, 
a very common practice, might be respon- 
sible. Pertinent to these considerations, how- 
ever, are the reports of Daniels and Ever- 
son,!? Samuels, Ritz and Poyet?? and Ritz, 


8 Binz, C., Vorlesungen tiber Pharmakologie, 2nd 
ed., Berlin, 1891; Berlin Klin. Wchnschr., 1893, 
30, 985. 

9 Ramond, Le Progres Med., 1904, 33, 471. 

10 Hurst, A. Sir, and Lintott, G. A. M., Guy’s 
Hosp. Rep., 1939, 89, 173. ° 

11 Rinehart, J. F., Connor, C. L., and Mettier, 
8. R., J. Lup. Med., 1934, 59, 97. 

12 Daniels, A. L., and Everson, G. J., Proc. Soc. 
Exp, Bron. AND Mzp., 1936, 35, 20. 

13 Samuels, L. T., Ritz, N. D., and Poyet, E. B., 
J. Pharm, and Exp. Therap., 1940, 68, 465. 
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Samuels and Addiss'* on the increased ex- 
cretion of vitamin C in human beings and 
animals, and the tissue depletion of ascorbic 
acid in animals following the administration 
of salicylates. 

Despite the observations here recorded, 
one is not justified in concluding that 
salicylate administration is a common or 
important cause of hemorrhage in human 
beings. Salicylates are used widely in large 
doses in many types of arthritis and other 
conditions, with and without medical super- 
vision, without hemorrhage being anything 
but a rare and insignificant complication. 

Several attractive hypotheses might suggest 
themselves to the reader to explain the 
mechanism whereby salicylates produce hy- 
poprothrombinemia and hypocoagulability of 
the blood. For the present, however, it seems 
wiser to withhold speculation since the mode 
of operation is not understood. 

Conclusions. 1. The oral administration of 
acetylsalicylic acid and sodium salicylate to 
human beings in daily doses of 20 to 80 grains 
(1.3 to 5.3 g) consistently produced hypo- 
prothrombinemia and hypocoagulability of 
the blood. 2. The administration of vitamin 
K with the salicylate prevented the develop- 
ment of hypoprothrombinemia and prolonga- 
tion of the coagulation time. 3. It is theo- 
retically possible that the not unusual 
hemorrhagic manifestations of acute rheu- 
matic fever may be due in some cases, at 
least in part, to the large doses of salicylates 
so commonly administered. 


14 Ritz, N. D., Samuels, L. T., and Addiss, G., 
J. Pharm. and Exp. Therap., 1940, 70, 362. 
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Relationship of Bactericidal Potency to Length of Fatty Acid Radical of 
Certain Quaternary Ammonium Derivatives. 


ALBERT K. EPSTEIN, BENJAMIN R. Harris, AND Morris KATZMAN. 


(Introduced by 


M. K. Horwitt.) 


From Emulsol Corporation Research Laboratory. 


Within recent years, a number of quarter- 
nary ammonium derivatives have been intro- 
duced as antiseptic substances. These com- 
pounds are characterized in that they have a 
long chain lypophile group in the cacion 
balanced with a hydrophile group as the 
anion. Some of these compounds have pre- 
dominantly long chain lypophile alkyl groups 
attached directly to nitrogen.+? Others have 
a long chain lypophile group interrupted by 
ether linkages or phenyl groups.*# 

Recently new types of quaternary am- 
monium cationic compounds have been intro- 
duced as bactericidal agents in which the 
lypophile group is interrupted by carboxyl 
and amide linkages.® They are characterized 
by the fact that in the cationic part of the 
molecule there is an acyl group, a colamine 


group and a formyl-methyl quaternary am- 
monium radical. 

The introduction of the carboxyl and amide 
groups into the molecule has an effect upon 
the functional properties of the compound. 
A study was made of the effect on the bac- 
tericidal value of tnese compounds in relation 
to the chain length of the fatty acid radical 
which enters in the lypophile group, and their 
respective relations to detergency. The com- 
pounds were prepared according to the 
method outlined by Katzman. The fatty 
acids were varied from Cs to Cig and the 
bactericidal value of the homologous com- 
pounds was determined according to the 
official F.D.A.‘ Method. The results are 
tabulated in Table I in which it is shown that 
varying the fatty acid radical has a decided 


TABLE I. 
Effect of Changing the Fatty Acid Radical on Killing Power of 
©) O ol IE. 
| H {i 4 NN 
CH (CH) C—C CH,CH,N—C—CH,N S Cl- 
———— a 
*Average maximum dilution to kill organism in 10 minutes 
No. of carbons in — aN 
O 20°C 37°C 
\| a 
CH3 (CH2) ,C—O— 8. aureus E. typhosa S. aureus E. typhosa 
\ 
8 ps 3)) sles = aid 1: 800 1: 1,300 
10 (257150 1: 2,000 1: 3,500 1: 4,000 
12 1:14,000 1:10,000 1:25,000 1:30,000 
14 1:30,000 1:30,000 1:55,000 1:55,000 
16 1: 7,000 1: 3,500 1: 9,000 1:11,000 
18 1: 4,000 1: 1,500 1: 7,000 1: 6,000 


* According to F.D.A. official method. 


1 Domagk, G., U. S. Patent No. 2,108,765, 1938. 

2Domagk, G., Deut. Med. Wochenschr., 1935, 
21, 829. 

3 Bruson, H. A., U. 8. Patent No. 2,115,250, 1938. 


4 Rawlins, A. L., Sweet, L. A., and Joslyn, D. A., 
J. Am. Pharm, Assn., 1943, 32, 111. 


5 Epstein, A. K., and Harris, B. R., U. S. Patent 
No. 2,290,173, 1948. 

6 Katzman, M., U. 8. Patent No. 2,189,664, 1940, 

7 Ruehle, G., and Brewer, C. M., 1931, U. S. 
Food and Drug Administration Method of Testing 
Antisepties and Disinfectants, Circular No. 198, 
U. 8. D. A. 
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TABLE II. 
Effect of Changes in Ron Killing Power of 


O 
| 
C,3H5;COCH,CH,NCCH, —R 


O ap 
H|| 
Cl- 


Dilution required to kill organisms in 10 
minutes at 20°C 


—\ 
Staph. awreus E. typhosa 
R 1000 <1000 
CoH; * + 
| 
ze at eee — N —C.H,0H 1:30 UPSO) 
CoH; J 
| 
Da aMines bcd | ety — N— C,H,0H isi3.0) 1:30 
| 
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CoH; aS 
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DOMED fe. sins; a, —wN >| 1:30 1230 
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effect on the bactericidal potency. 

Kuhn and Dann® have shown, in studying 
the bactericidal effects of alkyl dimethyl 
sulphonium iodides on B. coli and Staphylo- 
coccus aureus, and varying the alkyl group 
from methyl to butyl, octyl, lauryl and cetyl, 
that the optimum bactericidal function for 
coli was obtained with the lauryl derivative, 
and for Staphylococci, the cetyl radical was 
most effective. 

Kuhn, Jerchel and Westphal® reported on 


8 Kuhn, R., and Dann, O., Ber., 1940, 73B, 1092. 

9 Kuhn, R., Jerchel, D., Westphal, O., Moeller, 
E. F., and v. Czernucki-Hrebeljanowitsch, M., Ber., 
1940, 73, 1095. 


the series di-alkyl methyl benzyl ammonium 
chloride varying the alkyl radicals from 
Cz to Cg, Cs, Ciz and Cie, respectively. They 
found optimum potency at Cg for Staphylo- 
cocci, diphtheria, B. coli, Friedlander, but 
for paratyphoid, Cg and Cys radicals were 
more effective. The same authors reported 
that in using Cg, Cig and Cy¢ radicals in the 
alkyl groups of alkyl dimethyl benzyl am- 
monium chloride, the greatest bactericidal 
potency was obtained from the compound 
containing Cy in the alkyl chain. In the 
specific homologous series of the quaternary 
compounds which we studied, we found that 
in varying the fatty acids from Cg to Cig re- 
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spectively, the optimum bactericidal function 
was obtained when the compound contained 
the fatty acid radical of Cy, and that the 
compound which contained the Cg radical 
had the lowest bactericidal value. 


It is therefore evident that the bactericidal 
functions of these types of compounds de- 
pend upon the specific structure and the con- 
figuration of the molecule and also to a cer- 
tain extent on the type of organism which 
is used in the test. 

A compound designated as E 607 (Special) 
of the same series as shown in Table II was 
prepared from a mixture of Cy. and Cy, fatty 
acids and tested bacteriologically against 
Staph. aureus and E. typhosa at 20°C and 
37°C respectively. The results show that the 
addition of C,4 fatty acid ester increased the 
bactericidal potency of the Ci. compound 
almost twofold. 

One member of the series in Table I was 
selected for study of the effect of varying the 
groups attached to the pentavalent nitrogen 
on the bactericidal potency. For the acyl 
radical, Cy, was selected as the fatty acid 
ester which gave the highest results. The 
compounds prepared are tabulated in Table 
II together with their bactericidal activity 
against E. typhosa and Staph. aureus. 

It is noteworthy that there is little relative 
difference in the bactericidal potency of the 
quaternary ammonium derivatives in the 
series of 


fe) ) BE 
|| H|| | CL 

C13H»;COCH,CH,NCCH, — R 

when the R radical is varied by substituting 
three lower molecular weight groups on the 
pentavalent nitrogen as shown in examples 
one, two, three, four and five respectively in 
Table II. If, however, R is nicotinic amide 
as shown in example No. 6 in Table II the 
bactericidal activity is reduced considerably. 


O 


I| 
CH, (CH), C—O 


CH,CH,N—C—CH,N 
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If compounds No. 5 and No. 6 in Table II 
are compared it appears that the substitution 
of an amide group in the beta position of the 
pyridine ring of compound No. 5 reduces the 
bactericidal activity of the compound. This 
is parallel to the vast reduction in the toxicity 
of pyridine when its beta hydrogen is substi- 


tuted with || 
CNHe 


group to form nicotinic 


amide. 

The phenol coefficient as determined by 
the standard F.D.A. method’ may not be ac- 
cepted in all laboratories as proof of the 
germicidal value of these compounds. The 
toxicity indices were therefore determined 
according to the technics of Welch and 
Brewer 1° 1! and Hirsch and Novak.” 

The lauric acid ester of colamino formyl 
methyl pyridinium chloride (which was 
designated as E 607) gave a toxicity index 
of less than .6 by both of these technics. 
A toxicity index which is less than unity is 
considered safe for tissue antisepsis. 

Summary. (1) A number of homologs of 
quaternary ammonium derivatives were pre- 
pared of the series (see formula below) 
varying the carbon. chain in the fatty acid 
radical from Cg to Cys and the bactericidal 
potency of each compound was determined 
using Staph. aureus and E. typhosa as test 
organisms. 

(2) In this series it was found that the Cy, 
homolog possesses the maximum bactericidal 
activity and the sequence of diminishing bac- 
tericidal power is as follows: 

C4 >Cy2 > Cig >Cisg > C19 > Cs. 

(3) A number of myristic acid esters of 
colamino formyl methyl quaternary am- 
monium chloride was prepared wherein the 
molecule as a whole remained constant in its 
structural configuration except as to the lower 
molecular weight substitution groups on the 
pentavalent nitrogen. The bactericidal ac- 


O a 
H 
Tether: Sy a 
Ne ya 


10 Welch, H., and Brewer, C. M., J. Immumnol., 
1942, 43, 25. 
11 Welch, H., Hunter, A. C., and Slocum, G. G., 


J. Lab. and Clin. Med., 1942, 27, 1432. 
12 Hirsch, M. M., and Novak, M. V., Proc. Soc. 
Exp. Bion. AND Mep., 1942, 50, 376. 
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tivity of this series of compounds was deter- 
mined using the same test organisms and was 
found that there is no appreciable difference 
in the respective compounds with the excep- 
tion of the nicotinic amide derivative. 
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(4) The substitution of beta hydrogen in 
O 
the pyridine ring by || 
CNH2 
tericidal potency of the pyridinium deriva- 
tive. 


reduces the bac- 
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Taxonomic Relationships in the Genus Proteus. 


RoBERT RUSTIGIAN AND C, A. STuarT. 


From the Biological Laboratories, Brown University, Providence, R.1. 


Recently Cope and Kilander! described 
83 strains isolated from gastroenteritis pa- 
tients, contacts and foodhandlers with sug- 
gestive or definite history of enteric disorders 
as “atypical enteric organisms of the 
Shigella group.” Stuart et al.? reported 19 
comparable strains tentatively classed as 
“anaerogenic paracolon” cultures which were 
isolated in this laboratory or received from 
the laboratories of several states: To date 
the number of strains studied by us has in- 
creased to 48, including 5 strains kindly fur- 
nished by Dr. E. J. Cope. Forty-three of 
the strains were isolated from fecal specimens 
of gastroenteritis patients or foodhandlers, 
one from the blood of a patient and 4 from 
apparently normal contacts. To facilitate 
discussion the cultures studied in this labora- 
tory will be called, type 33111. 

Cultural Characteristics. Type 33111 cul- 
tures grew readily on eosin methylene blue 
agar and on Salmonella Shigella agar form- 
ing transparent and colorless colonies. All 
strains isolated in this laboratory were motile 
in semisolid, tryptone agar (0.25% agar) at 
25°C. Several strains received from dif- 
ferent laboratories as nonmotile on isolation 
were motile under the conditions specified. 
The motility of type 33111 cultures was 
usually poor and sometimes negative at 
37°C. On agar slants an occasional strain 
showed slight spreading. On nutrient agar 


1Cope, J. E., and Kilander, K., Am. J. Pub. 
Health, 1942, 32, 352. 

2,Stuart, C. A., Wheeler, K. M., Rustigian, R., 
and Zimmerman, A., J. Bact., 1943, 45, 101. 


plates (1.0% agar) inoculated by touching 
the center of the plate with a needle, the 
growth of some strains covered the entire 
surface of the plate, others partially, others 
spread slightly while a few showed no ten- 
dency to spread after 48 hours at 25°C. The 
swarming characteristic of some strains was 
suggestive of the genus Proteus and flagella 
stains were made on representative strains of 
each species in this genus. Pr. vulgaris, Pr. 
mirabilis, Pr. morgani and type 33111 cul- 
tures showed. peritrichous flagellation: Pr. 
hydrophilus and Pr. ichthyosmius possessed 
a single polar flagellum. Kulp and Borden® 
and Guthrie and Hitchner* found Pr. hy- 
drophilus to be monotrichate. 

Biochemical reactions. Type 33111 cul- 
tures fermented glucose and mannitol in 24 
to 48 hours and sucrose in 14 to 21 days. 
Nineteen strains fermented salicin in 24 to 
48 hours. Lactose and maltose were not at- 
tacked. Six strains produced a bubble to 10% 
gas in glucose and mannitol and one of these 
a bubble of gas in salicin but no gas was pro- 
duced in sucrose by any culture. The re- 
maining strains were anaerogenic in all fer- 
mentable carbohydrates. 

Using a new urea medium Rustigian and 
Stuart’ showed that the production of urease 
by Pr. vulgaris and Pr. mirabilis could be de- 


3 Kulp, W. L., and Borden, D. G., J. Bact., 1942, 
44, 673. 

4 Guthrie, R., and Hitchner, E. R., J. Bact., 19438, 
45, 52. 

5 Rustigian, R., and Stuart, C. A., Proc. Soc. 
Exp. Bion. AnD MEp., 1941, 47, 108. 
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tected in 4 to 5 hours while strong reactions 
were obtained in 10 to 12 hours. Pr. morganti 
attacked urea strongly but more slowly. To 
further study urea decomposition as a limit- 
ing characteristic for Proteus 689 cultures 
representing all genera of the family Entero- 
bacteriaceae have been tested. None of 13 
Serratia, 24 Erwinia, 40 coliform intermedi- 
ates, 32 Salmonella and 33 Shigella cultures 
attacked urea. Of 217 Escherichia, 169 para- 
colon and 161 Aerobacter cultures 4, 15 and 
51 strains respectively gave weakly positive 
reactions, pH 7.0 to 7.2 in 5 days. Forty- 
seven of the 48 type 33111 cultures decom- 
posed urea rapidly and strongly. One urea 
negative strain of Proteus has been reported. 
All type 33111 cultures produced indole and 
grew on citrate agar in 24 hours. Gelatin 
was not liquefied and neither hydrogen sul- 
fide nor acetyl-methyl-carbinol was produced 
by any strain. 

Except for 2 strains Wood e¢ al.® found 
that type 33111 cultures possessed the ability 
to reduce trimethylamine oxide and it was 
‘found in this laboratory that these cultures 
were incapable of growing in glucose broth 
at 4orC: 

Serological Reactions. The antigenic re- 
lationships of type 33111 strains to one an- 
‘other is not clear. The fairly good antigenic 
homogeneity of the first 19 cultures studied* 
was not maintained as additional strains were 
isolated. In the first antiserum prepared 
against a type 33111 culture several strains 
which upon isolation agglutinated to titer 
and completely adsorbed or markedly reduced 
the homologous titer later either failed to 
agglutinate or did not reduce the titer of the 
same antiserum upon adsorption. Moreover 
cultures not agglutinating in this antiserum 
but capable of markedly reducing the titer 
for the homologous strain were encountered. 
A similar condition has been observed for 
Proteus in this laboratory? and by Taylor.® 
Agglutination and adsorption tests with ad- 
ditional strains and antiserums showed type 


6 Wood, A. J., Baird, B. A., and Keeping, F. E., 
Can. J. Res., in press. 

7 Rustigian, R., and Stuart, C. A., manuscript in 
preparation. 

8 Taylor, J. F., J. Path. and Bact., 1928, 31, 897. 
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33111 cultures to be antigenically hetero- 
geneous. 

Selected type 33111 strains were tested in 
pooled Shigella paradysenteriae, in Sh. son- 
nei, Sh, alkalescens and 12 Proteus anti- 
serums. Negative reactions were obtained in 
the Shigella antiserums. Three cultures ag- 
glutinated to 640 insone Pr. vulgaris anti- 
serum with a homologous titer of 20480 and 
to 1280 in one Pr. murabilis antiserum with a 
homologous titer of 20480. Fourteen cultures 
agglutinated to 160 to 320 in 3 Pr. morganu 
antiserums (homologous titers 20480 to 
40960). The reactions in each instance were 
due to flagellar antigens. 

Because of their cultural, biochemical and 
serological reactions Rustigian and Stuart? 
suggested that type 33111 cultures be tenta- 
tively called, Proteus entericus. 

Recently Wood and Baird? found that the 
less restricted Shigella species, sonnei, alka- 
lescens, dispar and ceylonensis were able to 
reduce trimethylamine oxide. Stuart and 
Rustigian'! found that these same species 
grew readily and 97% of 190 cultures tested 
produced a strong acid reaction in glucose 
broth at 45°C. A culture of Sh. rettgeri, 
however, reduced trimethylamine oxide but 
failed to grow at 45°C. A review of the 
literature revealed that St. John-Brooks and 
Rhodes’? found Sh. rettgeri indole positive 
and Edwards'® found this organism to be 
actively motile under suitable conditions. 
The biochemical and IMViC reactions of Dr. 
Wood’s strain and of the A. T. C. C strain 
of Sh. rettgeri were identical with those of 
type 33111 cultures, including rapid and 
strong hydrolysis of urea. Furthermore the 
2 strains of Sh, rettgeri agglutinated but not 
to titer in 2 of 3 Type 33111 antiserums. + 

Discussion. Neter! suggested that Sh. 


9 Rustigian, R., and Stuart, C. A., J. Bact., 
1943, 45, 198. 

10 Wood, A. J., and Baird, E. A., J. Bact., in 
press. 

11 Stuart, C. A., and Rustigian, R., J. Bact., in 
press. 

12 St. John-Brooks, R., and Rhodes, M., J. Path. 
and Bact., 1923, 26, 433. 

13 Edwards, P. R., personal communication. 

14 Neter, E., Bact. Rev., 1942, 6, 1. 
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retigeri should be eliminated from the genus 
Shigella. In our opinion Sh. rettgeri and type 
33111 cultures are the same organism and 
should be redescribed as Proteus rettgeri in 
the genus Proteus or in the appendix of that 
genus. Because the majority of Pr. rettgeri 
strains were anaerogenic and all strains fer- 
mented mannitol some investigators will 
question the feasibility of placing this or- 
ganism in the Proteus group. Pr. vulgaris, 
Pr. mirabilis and Pr. morganii produce small 
gas volumes and old cultures of Pr. vul- 
garis" +> not infrequently become anaerogenic 
and since in the present study some of the 
strains of Pr. rettgeri were aerogenic actual 
gas production could be considered a flexible 
ciiterion for Proteus. Despite the fact that 
Topley and Wilson'® and St. John-Brooks 
and Rhodes! consider the inability to fer- 
ment mannitol a genus characteristic it would 
seem that ability to attack urea and to swarm 
are more important genus characteristics. 
The cultural, biochemical and serological re- 
actions of Pr. rettgeri illustrate the difficulty 
in drawing strict lines of division between re- 
lated groups of bacteria. 

Pr, rettgeri has been described vicariously 
as a Bacterium,'® Bacillus,\* Eberthella,” 


15 Welch, H., and Poole, A. K., J. Bact., 1934, 
28, 523. 

16 Topley, W. W. C., and Wilson, G. S., The 
Principles of Bacteriology and Immunity, 1936, 
second edition. 

17 $t. John-Brooks, R., and Rhodes, M., Third 
International Congress for Microbiology, Report 
of Proceedirgs, 1939, 167. 
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and Shigella.2° This sequence of events in 
our opinion was not due to carelessness but 
was brought about by increases in the delicacy 
and particularly in the number of tests used 
to differentiate species of bacteria since the 
isolation of Pr. rettgert in 1909. It seems 
strange, however, that this relatively rare 
organism originally isolated from a cholera- 
like epidemic among fowls should have been 
isolated from more than 100 gastroenteritis 
patients or foodhandlers in the past 3 or 4 
years. 

The taxonomic position of Pr. hydrophilus 
and Pr. ichthyosmius has already been ques- 
tioned.+:°1%?1 These organisms do not de- 
compose urea, are monotrichate, do not 
swarm and some strains produce from 20 to 
100% gas volumes at 25°C from fermentable 
sugars, and produce acid and gas slowly from 
lactose at this temperature. A culture of 
Pr, pseudovaleriei received from Dr. de 
Assis of Brazil while peritrichate did not at- 
tack urea, produced approximately 30% gas 
in fermentable carbohydrates and appeared 
to possess all the characteristics of a para- 
colon organism. For these reasons it is rec- 
ommended that Pr. hydrophilus, Pr. ichthy- 
osmius and Pr. pseudovaleriet be dropped 
from the genus Proteus. 


18 Hadley, P., Elkins, M. W., and Caldwell, D. W., 
Agr. Exp. Sta. Rhode Island State College, 1918, 
Bull. No. 174. 

19 Bergey, et al., Manual, 1st ed., 1923, 232. 

20 Bergey, et al., Manual, 5th ed., 1939, 476. 

21 Reed, G. B., and Toner, C. G., Can. J. Res., 
1941, 19 D, 139. 


Effect of Temperature on Bacteriostatic Action of Sulfathiazole and 


Other Drugs. 


S. W. LEE AND E. J. Fotry. 


I. Escherichia coli. 


(Introduced by Marion B. Sulzberger.) 


From the Wallace Laboratories, Inc., New Brunswick, NJ. 


As a possible means of throwing light on 
the mode of action of the sulfonamides, the 
bacteriostatic effect of sulfathiazole, alone 
and with other drugs, has been studied as a 
function of temperature. Other such studies 


have given revealing information concerning 


the interaction of these substances with lumi- 
nous bacteria, as well as isolated enzyme 
systems.! 


1 Johnson, Frank H., Science, 1942, 95, 104. 
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Fig. 1. 
The Effect of Various Substarces on the Rate of Growth of H. coli, as a Function of 
Temperature. 
Open circles: Organism in medium SG (controls). Constant inoculum in all cases of about 


300 million organisms. 


Solid circles: Organism in medium SG and 10-4 M sulfathiazole. 

P: Organism in SG and p-aminobenzoic acid 10-5 M. 

PS: Organism in SG, PAB 10-5 M and sulfathiazole 10+ M, 

UPS: Organism in SG, urea 1.5%, PAB 10-5 M and sulfathiazole 10-4 M. 


Readings taken after six hours. ; 


Solid circles, lowest curve. Organism in medium 8G and 10-4 sulfathiazole. 
Inoculum, about 30 million, Control for this curve same as for the remainder. 


With the work of Kohn and Harris? as a 
guide, several experiments have been carried 
out on Escherichia coli. This organism was 
chosen because of its susceptibility to the 
drugs in question, and because it grows well 
over a rather wide temperature range. In- 
cluded in this report are data concerning the 
rate of growth of E. coli, as a function of 
temperature, and to some extent, of the con- 
centration of the added rate-influencing sub- 
stances. The substances chosen are among 
those of current interest, sulfathiazole, 


p-aminobenzoic acid and urea.? These have 
been studied scparately, and in some of the 
possible combinations. In general, the first 
results are in line with what one would 
predict. 

In the method chosen, massive inocula of 
E. coli were added to the water clear SG 
(salt and glucose) medium,” or to this me- 
dium containing the indicated quantities of 
added substances. The large inocula were 
chosen to give, in a day’s time, large turbidity 
differences, which were measured with a 


2 Kohn and Harris, J. Pharm. and Exp. Therap., 
1943, 77, 1. 


3 Tsuchiya, Tenenberg, Clark and Strakosch, 
Proc. Soc. Exp. Bion. AND MzED., 1942, 50, 262. 
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Coleman Universal spectrophotometer with 
the wave length dial set at 600 mp. Com- 
parisons were made against a SG medium 
blank, which had received the same treat- 
ment as the other tubes, though this always 
remained perfectly clear. This turbidity 
measurement, of course, gives the total num- 
ber of organisms present, without regard to 
their viability. 

A composite graph of results in Fig. 1 
shows the effect of various substances and 
combinations of these substances on the 
growth rate of E. coli, as a function of tem- 
perature. It will be noticed that the diminu- 
tion of the growth rate, as effected by sulfa- 
thiazole, increases markedly with tempera- 
ture. This inhibition amounts to 45% at 
42°C (108°F), and only to 24% at 37°C. 
This is in accord with the work of Bang* on 
gonococcus, and of others. The p-amino- 
benzoic acid, in the concentration used, 
slightly diminished the growth, except at 
37°. This concentration, however, over- 
comes most of the ill effects of sulfathiazole 
up to about 37°. At this, and higher tem- 
peratures, there is an appreciable inhibition 
of growth, due to the sulfathiazole, or in part, 
to the p-gminobenzoic acid itself. It is also 
of importance that p-aminobenzoic acid dim- 
inished the growth rate at temperatures 


4 Bang, Frederik B., J. Urology, 1942, 47, 299. 
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higher than 37° in a manner which increases 
with temperature. This would suggest that 
p-aminobenzoic acid exerts a sulfonamide- 
like effect, provided the temperature is 
slightly raised. Urea alone, in concentrations 
up to 2%, acts to increase growth except at 
temperatures higher than the optimum. This 
increase amounts to about 10% at 37, and 
thus the effect of the mixture of p-amino- 
benzoic acid, urea and sulfathiazole (UPS) 
is accounted for. At slightly higher tempera- 
tures, urea alone reduces the growth rate 
sharply. Thus it might be said that at these 
temperatures, urea would certainly act con- 
jointly with sulfathiazole in diminishing 
bacterial growth, at least in the case of E. colt. 
The large role which the inoculum size plays 
in determining the growth rate is brought 
out by a comparison of the 2 lowest curves, 
in which the inoculum is varied by a factor 
of 10. 

In summary, the effect of temperature on 
the bacteriostatic action of sulfathiazole, 
p-aminobenzoic acid and urea, alone and in 
several combinations, has been studied on 
E. colt. The growth inhibition increases with 
temperature for all the substances. It is of 
importance that p-aminobenzoic acid inhibits 
growth at temperatures higher than 37°, and 
that at these elevated temperatures it is in- 
capable of showing marked antisulfonamide 
properties. 
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Temperature and the Bacteriostatic Action of Sulfathiazole and Other 
Drugs. II. Streptococcus pyogenes. 


S. W. L&e, JEANNE A. EpsTEIN, AND E, J. Foey. 


(Introduced by Marion B. Sulz- 


berger.) 


From the Wallace Laboratories, Inc., New Brunswick, N.J. 


‘Preliminary work carried out on E. coli in 
this laboratory has shown that a study of 
bacterial growth rates, as influenced by sul- 
fonamides and other drugs at various tem- 
peratures, gives interesting information con- 
cerning the bacteriostatic action of these 


substances.1 In order to extend these ob- 
servations and to study the generality of the 
actions, similar experiments have been car- 
ried out on Streptococcus pyogenes. (Ameri- 


1 Lee, S. W., and Foley, E. J., to be published. 
See companion article. 
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TEMPERATURE 
Fic. 1. 
The Effect of Various Substances on the Growth Rate of Streptococcus pyogenes, as a Function 
of Temperature. 


© Control, no drug. 
=©) 

© Urea, 1%. 

@ Sulfathiazole, 10+ M. 

O- Sulfathiazole, 10+ M and urea, 1%. 


can Type Culture Collection number 8668). 

The methods used in this series of experi- 
ments are essentially those of the earlier 
work.t Inocula which gave an initial popu- 
lation of about 50 million organisms per ml 
were added to the simplest medium which 
could be found to support active and rapid 


p-aminobenzoic acid 10-5 M, and sulfathiazole 10+ M. 


growth. This procedure has been advocated 
as a valid method for studying the action of 
the sulfonamides.2 The medium used con- 
sisted of 75 parts of the basal medium of 


2 Bell, P. H., and Roblin, R. O., Jr., J. Am. 
Chem. Soce., 1942, 64, 2905. 
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ANTIBIOTIC SUBSTANCE FROM Aspergillus flavus 


Kirby and Rantz® and 5 parts of Leventhal 
blood filtrate, prepared from equal parts of 


the above basal medium and horseblood by © 


boiling and filtering through cheese cloth and 
a Seitz funnel. This medium was also found 
to be relatively free of sulfonamide inhibitors, 
using as a guide the action of low concentra- 
tions (10° and 10° M) of sulfathiazole on 
E. colt. The growth measurements were 
taken at times during which the increase in 
population was approximately linear (period 
of retarded growth) as determined by sepa- 
rate experiments. With the inocula used, 
this time was usually from 4\to 6 hours. The 
drugs chosen for study were again sulfathia- 
zole, p-aminobenzoic acid and urea. Urea is 
of interest as a potentiator of the sulfona- 
mides. In kind, the results paralleled those 
obtained on E£. coli. 

Fig. 1 shows most of the experimental re- 
sults. Optical densities, as obtained from the 
drum of a Coleman Universal Spectrophotom- 
eter, are plotted against temperature. In 
the case of this organism, the density is di- 
rectly proportional to population, and a 
density of 0.20 corresponds to a population 
of about 2.7 billion organisms per ml. The 
action of p-aminobenzoic acid alone has not 
been plotted, but at a concentration of 10° 


3 Kirby, W. M., and Rantz, L. A., J. Eap. 
Med., 1943, 77, 29. 
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M it increased the growth rate up to the 
optimum growth temperature, and at higher 
temperatures exerted a marked inhibition. 
From the figure, it is clear that up to about 
40°, p-aminobenzoic overcomes most of the 
bacteriostatic effects of sulfathiazole. At 
higher temperatures, the bacteriostatic action 
of this pair becomes increasingly pronounced. 
Again, the sulfathiazole shows greater bac- 
teriostatic activity at the higher tempera- 
tures. Urea alone greatly diminishes growth 
at elevated temperatures, but, with this 
method of study, shows no synergistic action 
with sulfathiazole, except at the highest 
temperature. 


Summary. The effect_of sulfathiazole, 
p-aminobenzoic acid and urea, separately 
and in combinations, on the growth rate of 
Streptococcus pyogenes has been studied as 
a function of temperature. The bacterio- 
static action of all these substances has been 
shown to increase with temperature. The 
sulfonamide-like action of p-aminobenzoic 
acid at higher temperatures is considered to 
be of particular significance. With the 
method used, urea shows no synergistic action 
with sulfathiazole on this organism. These 
results with Streptococcus pyogenes have 
been found to be analogous to those obtained 
with £. coli. 
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An Antibiotic Substance Produced by Submerged Cultivation of 
Aspergillus flavus. 


CriarA M. McKee AND Harorp B. MacPuHILiamy. 


(Introduced by Geoffrey Rake.) 


From the Divisions of Microbiology and Organic Chemistry, Squibb Institute for Medical 
Research, New Brunswick, N.J. 


The strain of Aspergillus flavus used by 
White! and by Jones, Rake and Hamre? for 
the production of aspergillic acid has been 
grown in submerged culture with the produc- 
tion of an entirely different antibiotic sub- 


1 White, E. C., Science, 1940, 92, 127. 
2 Jones, H., Rake, G., and Hamre, D. M., J. Bact., 
1943, 45, 461. 


stance. Erlenmeyer flasks containing a basic 
Czapek-Dox medium with the addition of 
adjuvant substances were inoculated with a 
heavy spore suspension of the mold. The 
flasks were subjected to constant, moderate 
agitation at a temperature of approximately 
25°C. Within 48 hours there was heavy 
mycelial growth, and as this progressed, the 
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medium became increasingly alkaline and the 
antibiotic substance began to appear. Maxi- 
mal activity, which coincided with a pH of 
about 8.4, appeared from 7 to 14 days after 
inoculation, depending upon the medium and 
method of cultivation. 

The ability of this culture of Aspergillus 
flavus to produce an antibiotic substance dif- 
ferent from aspergillic acid was not due to a 
change in the organism since cultures which 
produced this substance in submerged culture 
have been shown to produce aspergillic acid 
again in a typical manner under suitable con- 
ditions of surface growth. 

The biological characteristics of this anti- 
biotic substance, as so far demonstrated, sug- 
gest that it is either penicillin or a very simi- 
lar substance. Both substances are highly 
active in vitro against gram positive cocci 
and are relatively inactive against gram 
negative bacilli. Jn vivo studies in mice 
reveal that the therapeutic efficacy of the two 
substances is the same when comparable 
doses, as determined by titration im vitro, are 
given. This is illustrated in Table I. 

Other similarities between the two sub- 
stances lie in the fact that both are excreted 
by the kidneys at about the same rate, and 
both are relatively non-toxic. A true esti- 


mate of comparative toxicity, however, can. 


only be attained when purer preparations of 
the new substance than are now available are 
obtained. Further likenesses are shown: by 
the fact that cultures which have been ren- 
dered resistant to one of the substances are 
resistant also to the other, although not to 
other antibiotic substances, and that a bac- 
terial enzyme obtained from a culture of 
Staphylococcus aureus destroys the activity 
of both substances while it is inactive 


ANTIBIOTIC SUBSTANCE FROM Aspergillus flavus 


against aspergillic acid, gliotoxin and gram- 
icidin. 

Chemical studies have shown that, in re- 
gard to solubility and stability under various 
conditions, the active agent behaves much 
like penicillin. It is rapidly inactivated at 
room temperature_ below pH 4, and some- 
what more slowly above pH 8. It can be 
extracted from ice-cold aqueous solutions at 
pH 2 with ether, amy! acetate or chloroform, 
recovered from the organic solvent with pH 
6.5 phosphate buffer, and transformed into a 
relatively stable sodium salt in the same 
manner as penicillin. The active agent is 
also amenable to further purification by the 
chromatographic methods which have been 
applied successfully to the fractionation of 
crude penicillin. 

A sodium salt, assaying 240 F.U./mg, 
which was obtained by chromatographing, 
showed the following analytical composition: 
C, 45.36%; H, 4.16%; N, 3.02%; Na, 
13.36%. The specific rotation [alp was 
-+108° (in water). These data, especially 
the comparatively high dextrorotation, are 
not incompatible with the assumption that 
penicillin or a very similar substance was a 
constituent of the mixture. ‘Some a-furoic 
acid, identified by its melting point (129°) 
and by analysis, was later isolated from this 
fraction. The presence of this. substance 
would account roughly for the deviation of 
the analytical figures from those found for 
penicillin sodium salts in the range of from 
500 to 1000 Florey units. 

Summary. An antibiotic substance entirely 
unlike aspergillic acid has been produced by 
submerged cultivation of a strain of Aspergillus 
flavus. This ~substance closely resembles 
penicillin biologically and chemically. 


TABLE I. 
Comparative Protection of Mice with Penicillin and the Antibiotic Substance from Aspergillus 
flavus Against a Type I Pneumococcus Infection. 


Antibiotie substance 


Penicillin from Aspergillus flavus Control 
No. of mice No. of mice No. of mice 
Dose a Ds Lee pit BL: AVR D. 
100 Florey Units 9 1 10 0 
LOM 24 oy 8 2 if 3 
Lee ay 4 6 8 2 
—_ 0 10 


The mice were ‘infected with 1 ce of a 10-7 eulture. 


4 
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Vitamin Requirements of Torula cremoris.* 


Stewart A. Koser aNnD Marjory H. WricHT. 
From the Department of Bacteriology and Parasitology, University of Chicago, 


In the course of studies dealing with 
vitamin deficiencies of microérganisms it was 
found that a laboratory culture of Torula 
cremoris was unable to grow in a simple 
medium of inorganic salts, ammonium phos- 
phate and glucose. On substitution of a 
mixture of 19 amino acids for the ammonium 
phosphate the torula likewise failed to grow 
and these negative results were in sharp con- 
trast to the luxuriant growth in dextrose broth 
or agar. 

When a mixture of 16 accessory growth 
factors and related compounds was added 
either to the amino acid or the ammonium 
phosphate basal medium growth of this strain 
of Torula cremoris occurred promptly with 
marked turbidity in 24 hours. 

Upon successive elimination of accessory 
factors from the mixture it was found that 
4 of.them were necessary for rapid and lux- 
uriant growth. These were nicotinamide (or 
nicotinic acid), biotin, pantothenic acid and 
thiamin. When these were supplied the ad- 
dition of other factors, which were in the 
original accessory mixture, did not appre- 
ciably increase the rate or luxuriance of 
growth. 

The effect upon growth of various com- 
binations of the above 4 factors was next 
studied. For these experiments biotin was 
supplied as the methyl ester in a concentra- 
tion of 0.002 »g per ml, calcium pantothenate, 
thiamin and nicotinamide in concentrations 
of 0.2 wg per ml. The ammonium phosphate 
basal medium was composed of (NH4)2HPO, 
0.2%, KHePO, 0.15%, NaCl 0.5%, MgSO 
0.01% and glucose 0.5%. The amino acid 
basal medium consisted of 17 amino acids 
in amounts of 50 to 200 mg each per liter 
and serine and threonine each 15 mg per liter, 
K2HPO, 0.2%, NaCl 0.5%, MgSO, 0.01% 


* This investigation was aided by a grant from 
the Dr. Wallace C. and Clara A. Abbott Memorial 
Fund of the University of Chicago. 


and glucose 0.5%. The pH of both media 
was 6.8 to 6.9. It was tubed in 5 ml amounts. 

All tubes of each experiment were inocu- 
lated with the same amount of a dilution of a 
24-hour culture grown in the ammonium phos- 
phate basal medium with the 4 needed vita- 
mins. Plate counts with dextrose agar indi- 
cated that the number of yeast cells in the 
inoculum in the various experiments was’ 
usually from 2,200 to 3,000 per ml of me- 
dium. Incubation was at 37°C since this 
yeast grows well at that temperature. The 
turbidity resulting from growth was meas- 
ured in a colorimeter with selected 15 mm 
test tubes containing 5 ml of medium. In 
Table I a clear tube of the culture medium 
is shown by zero and increasing turbidities 
are shown by higher figures. 


Omission of thiamin from the 4 vitamins 
shown in combination 2 of Table I produced 
only slight delay in the rate of growth in 
either basal medium. The omission of panto- 
thenic acid resulted in some delay in growth 
which, peculiarly, was more marked in the 
amino acid than in the ammonium phosphate 
medium. This rather striking difference in 
the rate of growth in the two basal media, in 
the absence of pantothenic acid, was observed 
on repeated tests. It emphasizes the impor- 
tance of the basal medium in relation to the 
results obtained in studies of accessory 
growth factor requirements. 


The omission of nicotinamide resulted in 
complete. or almost complete cessation of 
growth. Evidently nicotinamide is essential 
under the conditions of these experiments. 

Omission of biotin gave rise to interesting 
results. This compound is needed for prompt 
growth but slow multiplication may be ob- 
tained without it when the other three ac- 
cessory factors are supplied. The rate of 
growth in the absence of biotin was quite 
different in the two basal media; in the am- 
monium phosphate medium usually 5 to 10 
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TABLE If. 
Effect of Certain Vitamins upon Growth of Torula cremortis. 
Basal medium 
Ammonium phosphate- Amino acids- 
glucose-salts glucose-salts 
al aay ae Ue ae a ea 
Growth by days Growth by days 
Supplement to basal medium dl eee 1 42 0253 
1. None (control) 0 0 0 6 46 oO 
2. Nicotinamide, biotin, Ca pantothenate, and thiamin 22 47 48 56 382 39 42) 49 
3. (2) minus thiamin 8 44 45 55 21 35 39 47 
4. (2) ’’ Ca pantothenate 0 27 40 56 0 950) iG 
5. (2) 7? nicotinamide CE OR AO aks) 4. 60 20a 
62 ;(@)) | 224 biotin Opes 0 eee Ome 3: 19) 2528 
7. Biotin plus nicotinamide 0 2 30 53 0” 0% “Onez2 
8. By ?? Ca pantothenate (Oe O° GX. Sess 
9. Nicotinamide plus thiamin On Ont One 32 0... 0, (Oma 


* Heavier growth later. 


days were required for attainment of visible 
growth, while in the amino acid medium 
growth of the torula was always quite marked 
by 48 hours. 

This speedier growth in the latter instance 
was found to be due largely to aspartic acid 
(100 to 200 pg per ml of medium). A simi- 
lar effect was obtained with synthetic dl- 
aspartic acid.1 Other amino acids with the 
possible exception of glutamic acid did not 
exert this effect. Further work has shown 
that the effect of aspartic acid is somewhat 
more pronounced if the tubes are incubated 
in an atmosphere of 10% ‘COz in air, though 
the growth is not as prompt as that caused by 
biotin either under ordinary atmospheric 
conditions or in 10% COs. 

Biotin and nicotinamide together are suf- 
ficient to support growth of Torula cremorts, 
though culture development is slower than 
when thiamin and calcium pantothenate are 
also supplied. Other combinations of two 
accessories resulted in either poor growth or 
no growth. Results with several of the pos- 
sible combinations are shown in Table I. 

Our results with the combination of nico- 
tinamide and thiamin are similar to those of 
Robbins and Kavanagh? who reported that 
Torula cremoris failed to grow in a medium 
of aspargine, dextrose, ammonium nitrate and 
inorganic salts when supplemented with 


1 Koser, S. A., Wright, M. H., and Dorfman, A., 
Proc. Soc. Exp. Bion. AND Mep., 1942, 51, 204. 

2 Robbins, W. J., and Kavanagh, F., Plant 
Physiology, 1938, 13, 611. 


either the pyrimidine or thiazole components 
of thiamin or with thiamin plus nicotinamide. 

When added singly each of the 4 acces- 
sories failed to support continued growth 
with but one exception. In the presence of 
only nicotinamide slow growth was main- 
tained through 10 successive transfers in the 
amino acid medium but not in the ammonium 
phosphate medium. 

Successive transfers of the torula were also 
attempted in the ammonium phosphate basal 
medium with all of the combinations of ac- 
cessories shown in Table I. Those in which 
growth could be carried through 10 succes- 
sive transfers were combinations 2, 3, 4, 6 
and 7. Cultures failed to grow either in the 
first tube or after the first few transplants in 
numbers 1, 5, 8 and 9. 


Experiments were conducted with decreas- 
ing amounts of biotin methyl ester in the 
presence of an excess of nicotinamide, cal- 
cium pantothenate and thiamin in the am- 
monium phosphate basal medium. The re- 
sults were in harmony with other reports 
showing the extreme activity of biotin. One 
millionth »g per ml of medium supported 
very light growth, 0.00006 yg supported 
about half maximum growth and 0.002 to 
0.003 »g supported approximately maximum 
development. 

Summary. Nicotinamide, . biotin,  cal- 
cium pantothenate, and thiamin must be sup- 
plied for prompt and abundant growth of 
Torula cremoris in a basal medium of inor- 
ganic salts, glucose anc ammonium phosphate 


PROTHROMBINOPENIC EFFECT OF SALICYLATE 


or amino acids. The combination of nico- 
tinamide and biotin supports slow growth and 


under certain conditions nicotinamide alone 


may suffice. 
Tests with the 4 vitamins singly and in 
various combinations show that the response 
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to the vitamins depends to some extent upon 
the basal medium used in the tests. The re- 
sults emphasize the importance of the com- 
position of the basal medium in studies of 
vitamin requirements. 
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Studies on Prothrombin: IV. The Prothrombinopenic Effect of Salicylate 
in Man. 


SHEPARD SHAPIRO, MILTON H. RepisH, AND Harotp A. CAMPBELL.* (Introduced by 
W. S. Tillett.) 
From the Department of Medicine, New York University, and the Third (New York University) 
Division, Welfare Hospital, Welfare Island, New.York. 


Following the demonstration! of the quan- 
titative degradation of 3,3’methylenebis(4- 
hydroxycoumarin) to 2 mols of salicylic acid, 
Link and his students? demonstrated that in 
the rat salicylic acid induces a prothrombino- 
penia preventable by natural or synthetic 
vitamin K. 


The purpose of this paper is to report that 
the fundamental observations made on the 
rat also apply to man.t 

Experimental. The action of sodium sali- 
cylate, of acetyl salicylic acid with and with- 
out dicumarol (3,3’methylenebis(4-hydrox- 
ycoumarin) ), and the effect of synthetic vita- 
min K were studied on individuals repre- 
senting types in which salicylate therapy is 
commonly used. Since there was variation 
in age, nutritional state and diet, the salient 
facts can best be illustrated by representative 
cases and with dosages comparable to those 
used therapeutically.* 


* Present address: Central Laboratories, General 
Foods Corporation, Hoboken, New Jersey. 

1Stahmann, M. A., Huebner, C. F., and Link, 
K. P., J. Biol. Chem., 1941, 188, 513. 

2Link, K. P., Overman, R. S., Sullivan, W. R., 
Huebner, C. F., and Scheel, L. D., J. Biol. Chem., 
1943, 147, 463. 

t+ This was investigated at the same time by 
O. O. Meyer at the Wisconsin General Hospital, 
Madison. 

3 Hanzlik, P. J., Action and Uses of the Sali- 
cylates and Cincophen in Medicine, The Williams 
and Wilkins Co., Baltimore, 1927. 


Twenty-seven adults varying in ages be- 
tween 24 and 80 years were studied. Eight 
were apparently normal and ambulatory; 12 
were chronically ill patients; 6 were cases of 
Laennec’s cirrhosis of the liver; 1 was a case 
of acute rheumatic endocarditis. 

The method used to estimate the prothrom- 
bin level (or activity) included a measure 
of the prothrombin time of whole and diluted 
(12.5%) plasma.t The rationale and clin- 
ical applications have been set forth in pre- 
vious communications.** By estimation of 
12.5% plasma prothrombin time the initial 
prolongation has usually been detected be- 
tween 8 and 24 hours after adequate dosage 
of salicylate. It is obvious from Fig. 1 that 
detection of a change in prothrombin time on 
whole plasma is restricted to a very slight 
shift in seconds, but with 12.5% plasma a 
more practical working range is afforded. 

Action of Sodium Salicylate. Fig. 2, curve 
1 shows the response in a patient who re- 
ceived 8 g of sodium salicylate on 3 consecu- 
tive days. Two others receiving the same 


t All estimations were done in duplicate. 

4 Shapiro, S., Sherwin, B., Redish, M., and Camp- 
bell, H. A.; Proc. Soc. Exp. Brot. anp Mep., 
1942, 50, 85. 

5 Shapiro, S., Redish, M. H., Campbell, H. A., 
Am. J. Med. Sc., in press. 

6 Shapiro, §., Redish, M. H., Campbell, H. A., 
Proc. Soc. Exp. Bion. AND Mexp., 1943, 52, 12. 

7 Shapiro, S., Sherwin, B., and Gordimer, H., 
Ann. Surg., 1942, 116, 175. 
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Fie. 1. 
Representative dilution curve of normal and sodium salicylate-prothrombinopenic plasma, 


dose for one day only showed increases of 6 
and 9 seconds and 8 who were given 8 g daily 
for 2 successive days showed prolongation of 
7 to 12 seconds (average 10). Five cases ef 
Laennec’s cirrhosis’ exhibited more pro- 
nounced prolongation after 16 g in 2 days. 
Four of these revealed increases between 13 
and 23 seconds (average 17) and one yielded 
an extension from an initial value of 56 to 
99 seconds. | 

Two cases in which the drug had to be 
withdrawn during the first day because of 
vomiting showed no increase in the prothrom- 
bin time. In one case of acute thrombophle- 
bitis which initially revealed a reduction be- 


§ All had moderate prothrombinopenia: 12.5% 
plasma prothrombin time was 1%4-2 times the 


normal value.® 
|| These findings are similar to those obtained in 


cirrhoties with dicumarol.5 


low normal of the difference between whole 
and 12.5% plasma prothrombin time (hyper- 
prothrombineraia) ,* no alteration in the pro- 
thrombin time was detected after 24 g of so- 
dium salicylate had been given in 3 days. 

Action of Acetyl Salicylic Acid. Four sub- 
jects showed prolongation varying from 5 to 
31 seconds in the 12.5% plasma prothrombin 
time after ingestion of 6 g of the drug in one 
day. Increases of 8, 12, and 14 seconds after 
8 g in one day were found in 3 subjects, and 
in 1 an extension of 10 seconds after ingest- 
ing 16 g in 2 days. 

Protective Action of Synthetic Vitamin K. 
Fig. 2, curve 2, shows the response of an ap- 
parently normal man, weighing 70 kg, to 8 g 
of sodium salicylate on each of 2 successive 
days, and then the protective action obtained 
with a very high dosage of synthetic vitamin 
K (20 mg orally and 2 mg intramuscularly 3 
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times daily) on 4 successive days, with the 
same dose of salicylate. Three additional 
normals and 1 cirrhotic were treated simi- 
larly. In the normals the prothrombin time 
remained substantially the same, while the 
case of cirrhosis showed approximately the 
same degree of prolongation as when salicy- 
late alone was given. At the outset these 
very high levels of synthetic vitamin K were 
used to insure adequate protection. Subse- 
quent studies indicate that in normals 1 mg 
synthetic vitamin K intramuscularly can 
counteract the prothrombinopenia induced by 
6 g acetyl salicylic acid given for 1 day. 
Combined Effect of Acetyl Salicylic Acid 
and Dicumarol. Fig. 2, curve 3, illustrates 
the response in a case of Laennec’s cirrhosis 
with preéxisting prothrombinopenia. The 
response to a single dose of 50 mg dicumarol 
is shown first (a comparable increase in a 


normal subject requires 100-150 mg dicu- 
marol). One week later 4 g acetyl salicylic 
acid were given for 4 consecutive days. On 
the seventh day the prothrombin time was 
at the control level. On the eighth to the 
twelfth day inclusive 4 g acetyl salicylic acid 
were given daily. On the tenth day 50 mg 
dicumarol was also administered. The pro- 
thrombin time became prolonged to a maxi- 
mum of 84 seconds, the control value being 
restored in 3 days. 

The identical procedure was followed in 
2 normal subjects. In neither instance did 
the 50 mg dicumarol or the acetyl salicylic 
acid alone increase the prothrombin time. 
Administered together the 2 drugs effected 
a prolongation in 1 case of 16 and in the 
other of 18 seconds. 

Discussion. The significant prothrom- 
binopenic action of salicylates raises a series 
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of problems for clinical workers. The diet 
and nutritional state (vitamin K-prothrombin 
reserves) of subjects being treated with sali- 
cylates merit close attention. The fact 
that these vary in different individuals. ac- 
counts for the inequalities in response noted 
above and shown in Fig. 2. This is also true 
of responses obtained with dicumarol.° 

‘Cirrhosis of the liver and pre-existing pro- 
thrombinopenia which are known to augment 
the action of dicumarol® exert the same influ- 
ence when salicylate is administered; both 
drugs may act through the same enzyme sys- 
tem in the liver.1?-14 

The different salicylates vary in potency as 
prothrombinopenia-inducing agents. In man 
as well as in the rati acetyl salicylic acid 
seems to be more potent than the sodium salt. 
Additional data on this question as well as 
minimum effective dosage levels of vitamin K 
will be reported later. 

The complementary action of salicylate and 
dicumarol may be important in the clinical 
use of the latter. Their accidental concom- 
itant administration may be the basis for some 
of the extraordinary responses observed in 
man.** Both drugs might under certain con- 
ditions be given simultaneously to advantage. 
Work in Link’s laboratory! (unpublished) 
indicates that animals can be kept mildly 


8 Kapp, E. M., and Coburn, A. F., J. Biol. Chem., 
1942, 145, 549. 

9 Madisson, H., Deutsch. Arch. f. Klin. 
1943, 176, 612. 

10 Barnett, H. L., Powers, J. H., Benward, J. H., 
and Hartman, A. F., J. Pediat., 1942, 21, 214. 

11 Pilver, L., J. Lab. and Clin. Med., 1942, 28, 28. 

12 Samuels, S. T., Ritz, N. D., and Poyet, E. B., 
J. Pharm. and Exp. Therap., 1940, 68, 465. 

13 Lutwak-Mann, C., Biochem. J., 1942, 36, 706. 

14 Wakim, K. G., Chen, K. K., and Gatch, W. D., 
Surg. Gyn. and Obs., 1943, 76, 323. 

4 Personal communication from Professor Link. 

** See symposium on dicumarol, J. A. M. A., 
1942, 120, 1009. 
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prothrombinopenic without: manifestations of 
bleeding by first giving a moderate dose of 
dicumarol followed by smaller dicumarol- 
salicylate dosage. 

Based on the fact that the prothrombino- 
penia can be restored to normal by a prepara- 
tion of purified~prothrombin,! fresh blood 
transfusion and vitamin K should be effective 
adjuncts in counteracting acute salicylate 
poisoning. The warning of Sir Arthur Hurst?® 
that clinicians should be alert to the possi- 
bility of aspirin producing gastric hemorrhage 
when other known causes of bleeding have 
been excluded, is well sustained. 

Summary and Conclusions. In man as in 
the rat, salicylate in adequate dosage induces 
prothrombinopenia which can be prevented by 
vitamin K compounds, if liver function is 
adequate. The effect on the prc*hrombin 
level (or activity) is detected most readily 
by the use of 12.5% plasma. The dietary 
intake particularly of vitamin K appears to 
play a significant role in determining the 
extent and duration of the prothrombinopenia. 
Cirrhosis of the liver and pre-existing pro- 
thrombinopenia augment the effect of sali- 
cylate. Acetyl salicylic acid appears to be a 
more potent agent than sodium salicylate. 
The action of salicylate is apparently identical 
with that of the anticoagulant dicumarol, but 
less effective. The two drugs can complement 
each other. This may be useful in the clinical 
application of dicumarol and should be real- 
ized to avoid excess prothrombinopenia. 


This work was conducted in part at the Home 
of the Daughters of Israel, New York City, through 
the generous cooperation of Dr. Julius Raab. 

Dicumarol was supplied’ by Dr. K. K. Chen of 
Bhi Lilly & Co. 

Synthetic vitamin K (Namaquin) was supplied 
by the Endo Company. 

Miss Frances Kaufman gave technical assistance. 


15 Hurst, A. S., and Lintott, G. A. M., Guy’s 
Hosp. Rep., 1939, 89, 173. 


255 


14271 


Non-Hematin Iron in Erythrocytes. 


S. Granicx. (Introduced by L. Michaelis.) 
From the Laboratories of The Rockefeller Institute for Medical Research, New York. 


The structure of ferritin, a crystalline iron- 
protein compound containing 23% iron, has 
been discussed in previous papers.)?? The 
iron appears to be present in the form of 
micelles of colloidal iron hydroxide charac- 
terized by Fe atoms containing 3 unpaired 
electrons, and markedly different from various 


1Granick, S., J. Biol. Chem., 1942, 146, 451. 

2Granick, S., and Michaelis, L., J. Biol. Chem., 
1948, 147, 91. 

3 Michaelis, L., Coryell, Chas., and Granick, L., 
J. Biol. Chem., 1943, 148, 463. 


synthetic colloidal iron hydroxides. Crystals 
containing this iron have been isolated in 
relatively high yield from spleen, liver and red 
bone marrow of various species* strongly sug- 
gesting that this iron arises from hemoglobin 
decomposition. Since the amount of non- 
hematin iron in horse spleen is so great (1.8 
to 2.0% Fe in dry weight of spleen), it ap- 
peared that a histological study of this tissue 
might reveal the distribution and perhaps the 
origin of the iron. 


4 Cranick, 8., J. Biol. Chem., in press. 


Bag. 1. 
H.S Reaction on Horse Spleen. 

1> Cluster of RBC with black dots. 
2—> ‘‘Grey’’ cells. 
3- Hemosiderin granules. 


4—> Macrophage containing hemosiderin granules. 
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A very sensitive test for inorganic iron 

including the colloidal ferric hydroxide — of 
ferritin is the production of a black insoluble 
iron sulfide with H2S. When a piece of horse 
spleen was teased out into a drop of 1% 
saline, most of the red blood cells appeared 
crenated. Cells occasionally appeared which 
were swollen, had a smooth outline and con- 
tained hemoglobin. On the addition of a drop 
of 1% saline containing H2S to the tissue, 
some of the hemosiderin granules became black 
immediately (3, Fig. 1), thus indicating the 
presence of iron in.them. Other hemosiderin 
granules remained yellow, indicating that they 
lacked the non-hematin iron. Some macro- 
phages could be seen to contain large hemo- 
siderin granules which turned black (4, Fig. 
1). A number of the crenated erythrocytes 
developed several very tiny black spots scat- 
tered on their membranes (1, Fig. 1). In the 
presence of H2S the swollen erythrocytes took 
on a smooth grey appearance which within a 
minute became finely granular and darker 
grey. These latter cells we designate as the 
EPLeyNCellsi: (Peabigael) 
_ The “grey” cells have also been observed 
in horse bone marrow, spleen of guinea pig, 
spleen of a rabbit and in a human spleen. 
They have only been observed when the 
ferritin content appeared to be very high. It 
was only in the horse spleen that the grey cells 
could be seen to contain hemoglobin and could 
therefore be identified as erythrocytes. 

In the H.§ reaction the vertebral bone 
marrow of a 3-year-old horse showed rela- 
tively fewer grey cells than did the same 
animal’s spleen. In the marrow the grey cells 
varied in size from twice the diameter of 
normal erythrocytes down to 3-5 yw diameter. 
In a few of the polymorphs the granules also 
became dark with HS. 

In the spleens of several guinea pigs with 
high ferritin content a few grey cells were 
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observed with H2S; also some black-staining 
hemosiderin granules in macrophages and 
some black extracellular granules were ob- 
served. In one rabbit spleen a few grey cells 
were also observed. 

In the human material,* cases tested with 
H2S included No. 10,699 through No. 10,714. 
Of these cases only those of No. 10,699, 
monocytic leukemia, and No. 10,709, lympho- 
cytic leukemia, contained much iron in liver 
and spleen, and these are the 2 cases with 
the highest ferritin content yet observed. In 
No. 10,699, the spleen contained a few grey 
cells per field and a number of tiny pale grey 
spheres. The liver cells contained numerous 
heavy black granules. In No. 10,709, the 
spleen was engorged with erythrocytes among 
which were present many colorless globules 
about 114 times the diameter of the erythro- 
cytes. \ Only a few of these became pale grey 
with H»S. The liver cells were filled with 
granules but only about 5% of the paren- 
chyma cells contained granules ges grey 
with HS. 


Discussion. A plausible explanation for 
the appearance of the grey cells is that they 
are degenerating erythrocytes in which the 
iron of hemoglobin has been set free. It has 
generally been assumed that red blood cells 
or their fragments are ingested by macro- 
phages and then broken down. The evidence 
presented suggests another mechanism; the 
changes in the erythrocytes may be a function 
of secretions of the cells lining the sinuses of 
the spleen. These changes involve increased ' 
permeability and fragility and lead to the 
eventual decomposition of the heme and re- 
lease of iron without the necessity of phago- 
cytosis by macrophages. 


The author desires to express his gratitude to 
Dr. L. Michaelis and to Dr. G. H. Hogeboom for 
their suggestions and advice in this investigation. 
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Extensive Breeding as an Adjunct to Mammary Gland Carcinoma 
Susceptibility in Mice. 


LEONELL C. STRONG.* 


From the Department of Anatomy, Yale University School of Medicine. 


Susceptibility to carcinoma of the mam- 
mary gland in mice of the F, generation, fol- 
lowing an outcross, is usually determined by 
the female parent, that is, if a female mouse of 
a cancer susceptible strain be used in an out- 
cross to a male mouse of a resistant-to-cancer 
strain the F,; females develop spontaneous 
tumors; whereas, if the reverse cross be made, 
female mice of the F, generation do not 
usually develop spontaneous tumors of mam- 
mary tissue. It is Bittner’s opinion that the 
“milk influence” explains this peculiar mater- 
nal inheritance of cancer susceptibility. The 
“forced breeding” principle of Bagg also plays 
a role in cancer susceptibility but apparently 
only upon a suitable genetic background. 


In the present experiment, consisting of 2 
parts, female mice of the JK strain (cancer 
resistant) were mated to male mice of the 
CsH strain (cancer susceptible). The en- 
suing F, individuals were mated either inter 
se or back-crossed to either mice of the orig- 
inal C3H or JK strains. Mice were contirued 
as breeders for their entire life span, the sexes 
being kept together. This procedure differs 
from the “forced breeding” technic of Bagg 
in that the mice were permitted to nurse their 
own young, whereas in “forced breeding” the 
young were discarded within 24 hours of 
birth. The cyclic changes within the mam- 
mary gland are considerably different there- 
fore in the two systems of breeding. Follow- 
ing sexual maturity, the female mice were 
kept, in this experiment, in an almost con- 
tinuous reproductive activity—nursing one 
litter while the next one was developing 
in utero. This regime was greatly aided by 
maximal nutritional conditions. This repro- 
ductive activity was also enhanced by the 
fact that F, individuals show the phenom- 


* This experiment has been made possible by 
grants from The Jane Coffin Childs Memorial Fund 
for Medical Research and The Anna Fuller Fund. 


enon of heterosis, which influences health and 
vigor of mice as well as of other animals ‘and 
plants. The mice were fed a diet of Pratt 
Food Company’s Nurishmix, supplemented 
(a) by fresh washed lettuce twice a week; 
(b) by fortified or vitamin enriched Bond 
bread soaked in fresh milk once a week; and 
(c) by a mixture of 2 parts of oats to one 
part of wheat twice a week. Water was sup- 
plied ad lib. Thus conditions for the exten- 
sive use of the mice as breeders were satis- 
fied. Seventeen of the 24 F, females, with 
mothers of the JK strain, eventually de- 
veloped spontaneous carcinoma of the mam- 
mary gland at an average of 476.2 days of 
life. In the reverse cross, 25 of the 30 F, 
females with C3H mothers developed similar 
tumors at an average age of 424.6 days. The 
difference of susceptibility between the 2 
F, female groups is probably not a significant 
one. 

Thus it would seem that the extensive or 
excessive use of female mice of the F, gen- 
eration, in this particular cross, between mice 
of the C3H and JK strains is.an effective way 
of bringing about spontaneous tumors of 
mammary tissue. The genetic factor of can- 
cer susceptibility could only have been trans- 
mitted through the male. The role of the 
“milk influence,” in this case, is not clear. 

In the sequence of events that leads to 
susceptibility or resistance to spontaneous 
tumors of mammary origin, there appear to 
be at present many influences. Among these 
may be (1) genetic (2) hormonal (3) chem- 
ical (4) dietary and (5) normal and abnor- 
mal uses such as “forced breeding,” and ex- 
tensive use. As indicated in this paper the 
role of each of these influences appears to 
differ considerably under different experi- 
mental set-ups. Some of these influences ap- 
pear to be cumulative in effect, such as the 
genetic and hormonal; some, such as the 
chemical and genetic, appear to be supple- 
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mentary or alternative. It may be that in 
this phenomenon of cancer susceptibility 
there may be still another influence, whose 
nature is not yet determined, that is also 


SPINAL SECTION ON TISSUE PERMEABILITY 


involved in the origin of tumors. Some 
geneticists believe that this may be in the 
form of a somatic mutation. 
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Influence of Spinal Section on Tissue Permeability.* 


F. HoMBurcEr.t 


(Introduced by F. Duran-Reynals.) 


From the Laboratory of Pathology, Yale University School of Medicine, New Haven, Conn. 


The experiments reported here were de- 
signed to determine the effect on tissue per- 
meability of transections of the spinal cord at 
levels varying from the first to the fifth 
thoracic segment. The spreading of india 
ink suspensions in the cutaneous connective 
tissue was used as indicating the degree 
of connective tissue permeability. Tissue 
permeability measured in this way is affected 
by constitutional, nutritional and functional 
conditions and by the spreading factors 
(Duran-Reynals)? but no influence of the 
pervous system has been demonstrated. 
McClean’s? results, obtained in excised skin, 
were interpreted as indicating that spreading 
is independent of vasomotor or other nervous 
stimuli. 

The present study was designed to deter- 
mine whether or not the nervous system is 
involved in the regulation of tissue permea- 
bility in living animals. 

Materials and Methods. ‘Twelve animals 
(11 rabbits and 1 dog) were used as follows: 


* This work was aided by a grant from the Com- 
monwealth Fund. 

t With the technical assistance of Alvin R. Nielsen. 

1Duran-Reynals, F., Bacteriological Reviews, 
1942, 4, 197. 

2 McClean, D., J. Path. Bact., 1931, 34, 459. 

t India ink (Higgins) was used, diluted in equal 
parts of saline. All injections contained 0.25 ce 
of this suspension. The saline injections contained 
in addition 0.5 ee of physiological NaCl solution. 
The injections of spreading factor contained 0.5 ce 
of leech extract in saline 1:10 or extract of rats’ 
testicles in saline 1:10 (0.5 cc). This material 
was supplied by Dr. Duran-Reynals whose help 
and advice are deeply appreciated. 


India ink with saline and india ink with 
spreading factort were injected into the skin 
of the upper and lower part of one side of the 
animal’s body. Twenty-four hours later the 
extent of spread of the ink spots was recorded 
by drawing the areas on cellophane and meas- 
uring their surfaces in square centimeters 
with a planimeter. 

The spinal cord was then completely tran- 
sected under local anesthesia at levels vary- 
ing from the first to the fifth thoracic seg- 
ment. 

Following operatiou injections of identical 
amounts of the same mixtures of india ink 
and saline and of india ink and spreading 
factor were repeated on the opposite side of 
the animal’s body, care being taken to select 
injection sites comparable to those used be- 
fore operation. This was repeated after 24 
hours and every subsequent day until all 
available skin surface was used (usually 3 
to 7 days). Twenty-iour hours after injec- 
tion the spread of india ink was traced and 
measured in the manner indicated above. 

For purposes of control 3 animals were 
laminectomized without spinal cord injury 
and treated similarly. 

All animals were kept in a warm box at 
35°C after operation tu prevent loss of body 
heat. Repeated blood pressure readings were 
taken before and after operation. In all in- 
stances the central ear artery was utilized 
and the blood pressure as determined by 
oscillometric methods showed constant varia- 
tions ranging between 65 mm Hg and 95 mm 
Hg before and after operation. 

The spinal animals developed paralysis of 
the hind legs, urinary bladder and rectal 
sphincter and in several instances ataxia of 
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the front legs was noted. The latter rabbits 
were unable to feed and for this reason, food 
was withheld from the controls. In other 
respects, the animals remained in good condi- 
tion throughout the experiment. 

Results. Marked reduction of the spread 
of india ink was observed in the skin of all 
spinal animals and occurred in areas above 
as well as below the level of section of the 
spinal cord. The reduction in spread was 
evident in the first sample, injected imme- 
diately after operation, and became more 
pronounced in subsequent injections. After 
laminectomy, control animals showed either 
no change or a slight increase in the size of 
the intradermal ink spots. Chart I presents 
the results observed in 3 spinal animals 
(rabbits 8, 9 and 10) and in the control 
animals (rabbits 14, 15 and 16). 

The spread of india ink was reduced in 
skin areas injected with spreading factor as 
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same proportion in the amount of spread 
that characterized these substances in intact 
animals persisted after operation. Pertinent 
data appear in Chart II in which the columns 
represent the average amount of spread 24 
hours after injection. This was calculated 
by dividing the total extent of spread in all 
animals by the number of injection sites. 

The activity of the spreading factor can be 
expressed by the figure obtained by dividing 
the extent of spread observed in areas 
injected with the factor by the amount 
of spread in control areas injected with saline. 
In the present experiments these values were 
1.31 before operation, 1.14 in the first 24 
hours following operation, 1.37 in the second 
24 hours, 1.26 in the third 24 hours, 1.43 in 
the fourth 24 hours and 1.25 in the fifth 24 
hours. It is clear that the relative activity 
of the spreading factor.was not affected by 
spinal section. 


well as in regions treated with saline. The Comments. The facts presented indicate 
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CHART-I. 


SQ. CM. 


BEFORE} §-ST. Dj SRO} 4TH, | S-TH. 
OPER.| 24 HR RS} 24 HRS] 24 HRS] 24 HRS 


SPREADING OF INDIA INK 


AND SALINE [AVERAGE 
AREAS IN 12 ANIMALS] 


—— 
| 

—= 
— 
(—_S 
rc 
asa 
aa 
—— 
Pees 
—— 
sae 
=a 
<= 
an aaa 
G eaee 
see 
———— 
=a 
Cs 
=e 
a 
——_ 
= 
—— 
ee 
ee 
oe 
———) 
——— 
——_) 
a 
ee 
———) 
——— 
es 
———— 
Bema 
mer 
7 
{ 
—— 
——— 
= 
— 
A ee 
—_- 
aw 
Lsciad 
—s 
— 
C as 
pamereoaans 


BEFORA 1-ST. 4TH. | 5:TH. 
OPER.} 24 HRS R 24.HRS| 24 HRS 


SPREADING OF INDIA INK 
AND SPREADING FACTORS 
[AVERAGE AREAS IN 12 ANIMALS] 


- BEFORE OPERATION = - BEFORE OPERATION 


Mim - AFTER OPERATION 


that the nervous system takes part in the 
regulation of connective tissue permeability. 
The changes observed cannot be due to sim- 
ple denervation as they occurred above as 
well as below the level of spinal section. The 
diminished connective tissue permeability 
cannot be referred to- changes in blood pres- 
sure as, contrary to the observations of Wilson 
and Rigdon,® pressure alterations in these 
experiments were insignificant. It should be 
emphasized that the observations of these 
authors® applied to the permeability of the 
capillary endothelium rather than to the. per- 
meability of connective tissue and the dis- 


3 Wilson, H., and Rigdon, R. H., Arch. Surg., 
1942, 45, 416. 


MMB - AFTER OPERATION 


crepancies between their results and those 
presented here illustrate the fact that the 
permeabilities of these tissues are not identi- 
cal. The general reduction of permeability 
following spinal section is in agreement with 
the work of Lauer* who found diminished 
inflammatory reactions in spinal rabbits 
above as well as below the spinal section. 
Summary of Results. Transection of the 
spinal cord results in a reduction of connec- 
tive tissue permeability. The reduction oc- 
curs above as well as below the site of spinal 
section. The reduction is not dependent 
upon an altered activity of the spreading 
factor or upon the trauma of operation. 


4 Lauer, N., J. Med. de l’Ucraine, 1939, 9, 37. 
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A Method for Study of Circulation Time Throughout the Vascular System.* 


Morris H. NATHANSON AND REUBEN MERLISS. 


From the University of Southern California School of Medicine and the Medical Service, Cedars 
of Lebanon Hospital, Los Angeles, California. 


Introduction. Most methods utilized in 
the estimation of circulation time determine 
the circulation time from the arm where a 
substance is injected to some point in the 
head where its arrival is detected. These 
methods determine the rate of flow in a 
definite and fixed segment of the vascular 
tree. .A method is desirable for the estima- 
tion of the circulation time throughout the 
vascular system. Spier, Wright and Saylor! 
used a solution consisting essentially of mag- 
nesium sulfate and calcium gluconate. The 
arrival of the solution is indicated by a sen- 
sation of warmth appearing first in the throat, 
then in the hands, perineum and feet. These 
observers and also Kvale and Allen? noted a 
prolongation of circulation time to the feet 
in patients with peripheral vascular disease. 
A major objection to this method is that the 
endpoint is entirely subjective. 


The intravenous injection of fluorescein 
followed by the development of a greenish 
yellow fluorescence in the palpebral conjunc- 
tivae and lips when exposed to ultraviolet 
light has recently been utilized for the study 
of circulation time.? This method does not 
permit observations on the circulation in the 
extremities as normal skin, unlike mucous 
membrane, does not become fluorescent. The 
stratum corneum absorbs most of the ultra- 
violet rays before they reach the capillaries. 
In an attempt to modify the skin to favor the 
development of fluorescence, we applied a 
wheal to the skin by an intradermal injection 


* Aided by the Lucille A. Metzger Fund for 
Medical Research. 

1§pier, L. S., Wright, I. S., and Saylor, L., Am. 
Heart J., 1936, 12, 511. 

2 Kvale, W. F., and Allen, E. V., Am. Heart J., 
1939, 18, 519. 

3 Fishback, D. B., Guttman, S. A., and Abram- 
son, E. B., Am. J. Med. Sc., 1942, 203, 535; Lange, 
K., and Boyd, L. J., M. Clin. N. Am., 1942, 26, 943. 


of various substances. It was found that 
when a wheal was produced by an intrader- 
mal injection of histamine, a brilliant fluores- 
cence appeared in the area about the wheal 
and in the wheal itself, following an injection 
of fluorescein. 

Methods. The material needed is inex- 
pensive and readily available. It consists of 
the following: a 20% solution of sodium 
fluorescein, a 1 to 1000 solution of histamine 
acid phosphate, a 5 cc syringe with a needle 
attached (preferably 18 gauge), a tuberculin 
syringe and needle of small caliber, and a 
portable source of ultraviolet light. In our 
present studies we are using a solution of 
histamine in 0.5% novocaine to prevent the 
pain which often is associated with the appli- 
cation of the wheal. As the source of ultra- 
violet light, we found that an argon glow 
lamp which is supplied with a heat resisting 
purple filter was adequate and simple to 
apply.t With the subject lying quietly in the 
supine position, a wheal is first raised in the 
skin by an intradermal injection of histamine 
acid phosphate. The size of the wheal does 
not appear to be of importance, but it was 
usually about 1% cm in diameter. In the 
present study, the wheal was made in the skin 
of the middle portion of the leg and in a 
smaller group of subjects, in the anterior 
aspect of the forearm. The needle of the 
5 cc syringe, containing 2 cc of the sodium 
fluorescein is then inserted into the ante- 
cubital vein. The room is darkened and 
after about 30 seconds the sodium fluorescein 
is injected rapidly. The ultraviolet light is 
directed to one of the eyes of the subject and 
a stop-watch records the time of the appear- 
ance of the fluorescence in the palpebral 


t This consists of a standard 2-watt argon glow 
lamp enclosed in a small reflecting housing. This 
unit is readily available and built by the Stroblite 
Company of New York. 
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TABLE I. 
Circulation Time in 80 Subjects. 
Time in see 
Cam ae 
Arm to conjunctiva Arm to leg 
‘Group a 
Normal individuals (32) 15 20.1 
Group 2. / 
Individuals above 50 years of age, no evidence of vascular 
disease (28) t 15:1 24.1 
Group 3. 
Individuals with arteriosclerosis obliterans (20) 15.5 32.9 
conjunctiva. The ultraviolet light is then Kvale and Allen? report this interval to 


directed to the wheals in the skin and the 
time of appearance of fluorescence recorded. 
When several wheals are applied, it is neces- 
sary for one observer to inject the fluorescein, 
while another notes the endpoints at the 
various sites, recording the time of appear- 
ance of fluorescence with the stop-watch. 
Results and Discussion. This procedure 
was carried out in 80 subjects. They were 
divided into 3 groups. Group 1 includes 32 
individuals, all below the age of 50 and free 
from any evidence of peripheral vascular 
disease. Group 2 consists of 28 subjects 
above the age of 50, but with no definite 
signs of disease of the peripheral vessels. 
Group 3 includes 20 patients who had defi- 
nite evidence of vascular disease in the lower 
extremities. The type of vascular involve- 
ment in each instance could be classified as 
arteriosclerosis obliterans. In each of the 
80 subjects, the circulation time was re- 
corded from the arm to the conjunctiva and 
from the arm to a wheal in the leg (arm to 
leg time). The results are summarized in 
Table I. In 20 instances, coincident circula- 
tion times were recorded from the arm to the 
conjunctiva and from the arm to a wheal in 
the opposite arm (arm to arm time). By 
subtracting the “arm to conjunctiva” time 
from “arm to leg” and “arm to arm” times, 
one may obtain a reasonable approximation 
of the rate of flow in the arterial segment to 
the leg-‘and arm. It will be noted from Table 
I that the average circulation time from 
“conjunctiva to leg” in normals is 5.1 sec- 
onds, in the group of elderly subjects 9 
seconds, and in the arteriosclerosis obliterans 
group 17.4 seconds. Spier and his associates? 
found the average time from “throat to foot” 
in normals to be about 14 seconds, while 


average about 20 seconds. While our results 
show the “conjunctiva to arm” time in nor- 
mals to vary from 1 to 3 seconds, the average 
reported by Kvale and Allen for “throat to 
hand” time is from 9 to 10 seconds. The 
exact explanation for the differences in results 
is not clear. It should be stated as a pos- 
sible explanation that any method in which 
a sensory reaction is used as the end point 
may include a latent period during which the 
perception of the sensation develops. It is 
quite possible that, due to a lower reactivity 
of the sensory endings in the extremities, a 
higher concentration of the magnesium- 
calcium solution must develop at the site of 
stimulation in order to call forth a response. 
Thus the time interval observed by this 
method between the response in the throat 
and the reaction in the extremities may in- 
clude not only the circulation time between 
these points, but also the time required for 
the development of the sensory response at 
the-end point. 

As compared with the calcium-magnesium 
method, the present procedure shows a 
sharper differentiation between normal indi- 
viduals and those with peripheral vascular 
disease. As compared with a “conjunctiva 
to leg” time of 5.1 seconds in normals and 
17.4 seconds in arteriosclerosis obliterans by 
our method, Kvale and Allen? report an aver- 
age “throat to foot” time of 20.3 seconds in 
normals and 26 seconds in arteriosclerosis 
obliterans. 

Summary. An objective method is de- 
scribed for the study of circulation time 
throughout the vascular system. The results 
of the application of this method in normal 
subjects and in individuals with peripheral 
vascular disease is reported. 
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Experimental Lathyrism in the White Rat.* 


Howarp B. Lewis AND Marie Burt ESTERER, 


From the Department of Biological Chemistry, Medical School, University of Michigan, Ann 
Arbor. 


Lathyrism, associated with the consumption 
of considerable amounts of certain species of 
legumes of the genus Lathyrus, has been a 
common disease of man in India, northern 
Africa, and occasionally in other countries.t 
Lathyrism has also been*observed to occur in 
domestic animals and has been produced ex- 
perimentally in laboratory animals. The out- 
standing symptoms are muscular weakness 
and paralysis of the extremities. 

Neither Zagami,? McCarrison,? nor Visco* 
was able to produce experimental lathyrism 
(Lathyrus sativus, L., and Lathyrus cicera) 
in white rats, although impaired growth and 
failure of normal organ development, particu- 
larly of the reproductive and skeletal systems, 
were observed. Geiger and coworkers’ pro- 
duced lathyrism in rats by feeding diets which 
contained Lathyrus odoratus, the flowering 
sweet pea, at levels of 80, 50, and 25% of the 
diet. Characteristic symptoms were lame- 
ness, paralysis, and curvature of the spine 
and sternum. 

Our experiments were carried out with finely 
ground meal (20 mesh sieve) prepared from 
decorticated sweet peas (Lathyrus odoratus) 
and as a control, with similar meal from the 


* Aided by a grant from the Faculty Research 
Fund of the Horace H. Rackham School of 
Graduate Studies, University of Michigan. 

1Stockman, R., J. Pharm. and Eup. Therap., 
1929, 37, 43. 

2Zagami, V., Atti della Reale Accademia Nazi- 
onale dei Lincei, Ser. 6, Rendiconti 1931, 14, 218; 
abstracted in Chem. Abs., 1932, 26, 3823. 

3 McCarrison, R., Ind. J. Med. ses., 1928, 15, 
797; McCarrison, R., and Krishnan, B. G., Ibid., 
1934, 22, 65. 

4 Visco, S., Arch. farmacol. sper., 1923, 35, 39; 
37, 1; 47, 269; abstracted in Chem. Abs., 1923, 
17, 1983; 1924, 18, 1345, 2544. 

5 Geiger, B. J., Steenbock, H., aud Parsons, H. T., 
J. Nutrition, 1933, 6, 427. 


edible split pea of commercet (Pisum sativum, 
subspecies arvense). These were incor- 
porated into the diets of young white rats as 
follows: pea meal, 50%; casein (Labco, vita- 
min-free), 10%; corn starch, 27%; sucrose, 
5%; salt mixture (modified Osborne-Mendel), 
4%; cod liver oil, 2%; corn oil, 2%. Each 
rat received approximately 200 mg of a dried 
yeast tablet (Mead Johnson and Co.) daily. 
The casein was added to the diet to insure a 
satisfactory protein content, since the pro- 
teins of many legumes are known to be 
inadequate if fed as the sole source of pro- 
tein. The total protein of the mixed diet 
was calculated to be 26% (16% derived from 
the peas). 

Young white rats, 50-80 g in weight, in 
litter units, were paired as to sex and weight. 
The paired feeding method was employed; 
one rat of each pair received the sweet pea 
diet ad libitum, while the intake of the paired 
litter mate fed the edible pea diet was limited 
by the food intake of the mate fed sweet’ peas. 

In the first series in which 9 pairs were fed, 
all of the rats fed the Lathyrus pea diet showed 
definite symptoms of lathyrism (incontinence, 
lameness, paralysis of limbs, spinal curvature 
of the thoracic region, etc.), symptoms being 
observed in from 2 to 74% weeks. No control 
(edible pea diet) animals showed any abnor- 
malities during the period of observation. In 
addition, 2 pairs received extra casein to give 
a total dietary protein content of approxi- 
mately 41% (25% of casein), the extra casein 
replacing an equivalent amount of starch. 
The presence of larger amounts of a superior 


t We are indebted to Mr. Raymond H. Coulter, of 
the Ferry-Morse Seed Company of Detroit, Michi- 
gan, for the sweet pea seed generously placed at 
our disposal, and to Mr. Floyd Trail, of the 
Washburn-Wilson Seed Company, of Moscow, 
Idaho, who supplied the edible split peas. 
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animal protein in the diet did not prevent or - 


delay the onset of lathyrism, since character- 
istic symptoms were observed in 3% to 5 
weeks. 

In a second series the effect of cold water 
extracts of the peas was studied. Lathyrus 
peas were extracted overnight at 0° with dis- 
tilled water, the fluid decanted and extraction 
repeated 3 times. The combined extracts 
were evaporated to a thick syrup m vacuo. 
Edible split peas were similarly extracted. To 
the split pea residue was added the extract of 
the Lathyrus peas and to the Lathyrus residue, 
the split pea extract. The combined extract 
and residue in each case were dried in thin 
layers at 80°, ground finely and incorporated 
into the diets, as described above. All of the 
rats receiying the Lathyrus extract-split pea 
residue developed acute lathyrism in from 2%4 
to 4% weeks, while none of the rats receiving 
the split pea extract-Lathyrus pea residue 
diet showed any symptoms in 7 to 8 weeks. 
It thus appears that the toxic substance is 
readily extracted from Lathyrus meal by cold 
water and that the extracted residue is rela- 
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tively non-toxic. This is in accord with the 
findings of Geiger,° who extracted peas with 
boiling water. 

Pathological studies of the bones made with 
the cooperation of Professor Carl V. Weller 
revealed changes in the long bones of the leg 
similar to those observed in acute scurvy. 
The rat is believed to be able to synthesize 
ascorbic acid and does not require the pre- 
formed dietary vitamin. It was believed that 
the toxic principle of Lathyrus odoratus might 
either affect tne synthesis of ascorbic acid or 
in some way increase the requirement beyond 
the capacity of synthesis of the organism. In 
a third series, rats fed the sweet pea diet were 
paired, one animal of each pair receiving in 
addition 12 mg of ascorbic acid. All of the 
animals showed symptoms of acute lathyrism 
within the usual period of time. No pre- 
ventive effect of the ascorbic acid could be ° 
demonstrated. 

Further experiments designed to determine 
the nature of the toxic principle are in 
progress. 
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Role of the Premotor Cortex in Human Motor Activity. 


JEFF MINCKLER AND RoLAND M. KLEMME. 


(Introduced by A. Kuntz.) 


From the Department of Anatomy and the Section of Neurosurgery, St: Lowis University 
School of Medicine. 


The collateral systems (thalamus, basal 
ganglia, cerebellum, and premotor cortex) 
which play such a prominent role in human 
motor activity are particularly refractory to 
experimental manipulation, due to the fact 
that complex motor dysfunction is peculiarly 
human anc has no certain counterpart in 
lower mammals. It is desirable, therefore, 
to employ human material for information 
relative to the motor complex. This report 
serves to clarify certain points concerning the 
anatomy and function of the human pre- 
motor region. 


A patient (aged 38 years) was subjected 
to bilateral (2-stage) premotor cortical ex- 


cision (Klemme)? for the relief of generalized 
tremor in both upper extremities, moderate 
tremor and rigidity of the left lower ex- 
tremity, and tremor of the tongue. The right 
side was operated first with relief of the 
contralateral tremor. The left side was 
operated 9 months later, the patient expiring 
on the seventh post-operative day. At no time 
was there loss of volitional movement, the 
residua being generalized weakness, more 
marked on the left, and inability to do finely 
coordinated movements with the left hand. 
Degeneration studies with the Swank-Daven- 


1Klemme, R. M., Res. Publ. Assn. Nerv. Ment. 
Dis., 1940, 21, 596. 
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port and Weigert technics, which showed the 
effects of the right (old) lesion only, revealed 
the following relationships. The efferent 
bundles from the excised region follow two 
distinct pathways: (1) commissural fibers 
which pass to the opposite premotor cortex 
via the corpus callosum; and (2) projection 
fibers which aggregate on the lateral aspect 
of the superior part of the lateral ventricle, 
pass through the posterior limb of the inter- 
nal capsule and continue through the lateral 
aspect of the medial one-third of the basis 
pedunculi, the medial aspect of the cortico- 
spinal field in the pons, diffusely through the 
pyramid, and enter the spinal cord in the 
medial aspect of the homolateral anterior 
white column. Insofar as the myelin stain 
permits, terminal relationships are indicated 
to thalamus, substantia nigra, brain stem 
nuclei, and the anterior horn of opposite side 
in the spinal cord. 

The influence of the premotor bundle on 
involuntary movements incident to diseases 
of the basal ganglia has been amply demon- 
strated by alleviation of the movements 
through surgical interruption of the pathway. 
Success has attended operations or pathology 
in which: (1) the premotor area is excised 
(Klemme,! Bucy”), (2) parts of the basal 
ganglia and considerable subcortical tissue is 
destroyed (Meyers),* (3) the internal cap- 
sule is damaged by hemorrhage (Wilson) ,* 
(4) the pyramid is sectioned (Putnam),* and 
(5) the anterior white column in the spinal 
cord is cut (Putnam).® In all these pro- 
cedures the bundle just described would be 
interrupted. 


2 Bucy, P. C., Res. Publ. Assn. Nerv. Ment. Dis., 
1940, 21, 551. 

3 Meyers, R., Res. Publ. Assn. Nerv. Ment. Dis., 
1940, 21, 602. 

4 Wilson, S. A. K., Modern Problems in Neurol- 
ogy, William Wood & Oo., N. Y., 1929. 

5 Putnam, T. J., Res. Publ. Assn. Nerv. Ment. 
Dis., 1940, 21, 666. 
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This schema of premotor relationships dif- 
fers from Bucy’s® parapyramidal system in 
being a continuous pathway from cortex to 
spinal cord and is in agreement with Ken- 
nard’s‘ findings in the monkey. While the 
differences in the pathway do not make the 
mechanisms involved incompatible with those 
outlined by Bucy, we wish to call attention 
to the relationships of the premotor bundle 
at the final-common-path cell as an additional 
factor in the mechanism. Of approximately 
4000 terminals ending in relationship to the 
largest anterior horn cells (Minckler)® only 
10% are derived from cortical levels. In 
the light of recent information on synaptic 
transfer it would seem doubtful that these 
few terminals could, alone, initiate a dis- 
charge at the final-common-path. It is more 
probable that additional terminals come into 
play in governing the final discharge. While 
an irregularity in discharge manifested by 
involuntary movements may have its ulti- 
mate inception in distorted cerebral function 
(Bucy),® the immediate muscle activity is 
derived through the final-common-path. It 
would seem, then, that the interrelationships 
at this point must be included in any explana- 
tion of the mechanics of movement. 


Summary. The premotor cortex of man 
gives rise to bundles passing (1) to the pre- 
motor cortex of the opposite side and (2) 
through the internal capsule to thalamus, 
brain stem nuclei, and spinal cord. Inter- 
ruption of this pathway alleviates the in- 
voluntary movements incident to disease of 
the basal ganglia. The interrelationships of 
terminals at the final-common-path are con- 
sidered important in explaining the mech- 
anism of these movements. 


6 Bucy, P. C., J. Neuropath. and Exp. Neurol., 
1942, 1, 224. 

7 Kennard, M. A., Arch. Neurol. and Psychiat., 
1935, 33, 698. 

8 Minckler, J., Science, 1942, 96, 117. 
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April 1, 1942-March 31, 1943 


At the request of the United States Coordinator of Transportation our 
Society did not hold annual meetings of the Couneil, the National Member- 
ship Committee, the Board of Editors, and the Section Secretaries. The 
emergency committee authorized by the Council met to consider certain 
problems arising from the war emergency. Wherever possible the business 
of the Council was transacted by mail. 


U. S. Board of Censors. It is now necessary to submit galley proof of 
each number of the Procerpines to the U. S. Board of Censors. If in their 
judgment there are articles which may be of use to the enemy, no export 
license is issued, and that number of the PRocrEEDINGS may not be mailed to 
certain South American and certain neutral European countries. So far only 
two numbers of the Procespines have not received this license. We have 
notified our South American subscribers and members of this ruling, and 
have asked them whether they wish us to hold such copies for the duration, 
send them copies with certain articles removed, or return check for their sub- 
scription or dues. 


Election of Officers. President W. deB. MacNider appointed as tellers, 
Doctors Cattell, Charipper, and Root. The tellers report the following 
officers elected : 


President—A. J. Carlson 
Vice-President—A. B. Hastings 
Secretary-Treasurer—A. J. Goldforb 
Councillors at Large—E. A. Doisy 
C. J. Wiggers 


New Members. The National Membership Committee includes one mem- 
ber from each of the nine largest Sections of the Society. They are Doctors 
H. F. Adolph, R. N. Bieter, C. A. Dragstedt, H. Goldblatt, J. A. Greene, 
I. Greenwald, W. C. Hess, M. Kleiber and A. Kuntz. 


It is not generally known how much labor, meticulous care, and fair 
evaluation have been exercised by this Committee. Highty-nine applicants 
were approved. The Council subsequently concurred. The applicants elected 
to membership are: 


J. C. Abels F. A. Beach 
A. M. Ambrose W. D. Block 
R. K. Anderson Siegbert Bornstein 
C. D. Aring F..G. Brazda 
I. L. Baldwin B. B. Brodie 
Philip Bard R. H. Broh-Kahn 


H. F. Beach F. A. Brown, Jr. 
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Floyd R. Smith 
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Cesare Tedeschi 
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As much time is required for transmission of applications to all members 
of the Committee and to the Council, it is necessary that all applications for 
membership be received in this office by December 15. 


Members Emeritus. A member who has retired from active duty in 
his institution may on request be elected to emeritus membership. Such 
member does not pay dues and does not receive the Proceepines. The fol- 
lowing were elected emeritus members: J. F. Anderson, W. B. Cannon, 
EH. G. Conklin, B. M. Duggar, C. W. Duval, A. I. Kendall, Adolf Meyer, 


H. B. Torrey. 
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Resignations. Fourteen members applied for resignation. The Council 
coneurred with regret. 


Members in Arrears. The Council most reluctantly dropped six members 
for arrears. 


Deaths. The Council records with deep regret the death of the follow- 
ing members: E. Allen, E. Andrews, W. H. Brown, G. Calkins, J. F. Daniel, 
H. R. Geyelin, R. A. Gortner, A. D. Hirschfelder, P. S. McKibben, W. L. 
Niles, J. A. F. Pfeiffer, I. Pineussen, S. W. Ranson, M. Sandberg, F. H. 
Swett, D. C. Walton, K. Landsteiner. 


Peiping Section. Due to war conditions the members of the Peiping 
Section were seattered. 


Finances. For the fiseal year ending March 31, 1943, there was a sur- 
plus of $3,200. Nearly all of this was invested in United States Bonds. It 
was difficult to anticipate, at the beginning of the fiseal year, the number of 
members to be sent to war areas. These may on request have their dues can- 
celled. We could not estimate loss of subseriptions from war zones. In 
December, 1942, it was calculated that a large surplus would occur. Hence 
costs to authors were reduced. Authors who had published prior to this 
received refunds for the difference in the amount charged and the new re- 
duced charges. The Council has authorized further reduction in costs of 
excess space for the year beginning April 1, 1943, from 40% to 24% of 
our cost. 


Trustees. The Society is greatly indebted to Doctors R. A. Lambert and 
C. D. Leake, Trustees, who have with their advisors, so conscientiously 
guarded our investments in these difficult times. Special thanks are due to 
Mr. H. G. Friedman of General Investors, Inc., and Mr. Edward Robinson 
of the Rockefeller Foundation, who have given so freely of their time and 
knowledge in protecting our investments. Mr. Leon Leighton has continued 
to aid us in all legal phases of our mortgage investments. Needless to say, 
these services have been given without compensation. 


Indices of Proceedings. The Society is again indebted to Dr. Emil 
Baumann for the excellent indices in each volume of the PROCEEDINGS. 


Editors. It should perhaps be recalled that there are two to five editors 
in each major field. The editors may, and often do, consult with specialists 
in their region. At least three editors must be in substantial agreement be- 
fore a manuscript is rejected, or the author asked to revise it radically. A 
manuscript may be referred to editors once, twice, three times or more. The 
lot of the Editors is an onerous one. The Society owes a great debt of grati- 
tude to the Editors, for their loyal, devoted, and extraordinarily fine work. 
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SEcTIONAL MEETINGS AND MEMBERSHIP 


Cleveland, Ohio 
Chairman: H. D. Green. Secretary: R. W. Heinle. Members: 46. 
Meetings: Western Reserve University, November 13, 1942 
December 11, 1942 
January 8, 1943 — 
February 12, 1943 
City Hospital, March 10, 1943 
Western Reserve University, April 9, 1943 


District of Columbia 
Chairman: H. M. Dyer. Secretary: J. H. Roe. Members: 69. 
Meetings: George Washington University, December 3, 1942 
February 4, 1943 
May 6, 1943 


Illinois 
Chairman: E. S. G. Barron. Secretary: L. V. Domm. Members: 143. 
Meetings: University of Chicago, October 27, 1942 

January 26, 1943 

March 9, 1943 


Towa 
Chairman: R. B. Gibson. Secretary: C. A. Winter. Members: 39. 
Meetings: State University of Iowa, November 25, 1942 

February 11, 1943 

April 29, 1943 

May 26, 1943 


Minnesota 
Chairman: F. H. Scott. Secretary: F. H. Seott. Members: 54. 
Meetings: University of Minnesota, November 18, 1942 
February 17, 1943 


Missouri 


Chairman: A. §. Gilson, Jr. Secretary: L. R. Jones. Members: 57. 
Meetings: Washington University, May 12, 1943 


New York 
Chairman: M. Heidelberger. Secretary: W. S. Root. Members: 482. 
Meetings: New York Academy of Medicine, December 28, 1942 
March 17, 1943 


Pacific Coast 
Chairman: F. W. Weymouth. Secretary: M. Kleiber. Members: 103. 
Meetings: University of California, October 3, 1942 
Stanford University, December 2, 1942 
University of California, January 20, 1943 
April 7, 1943 


SECRETARY’S REPORT BN 


Petiping, China 
Chairman: A. B. Fortuyn. Secretary: F. T. Chu. Members: 30. 


Rocky Mountain 
Chairman: A. H. Washburn. Secretary: B. B. Longwell. Members: 23. 
Meetings: University of Colorado, November 27, 1942 
March 5, 1943 
Denver, Colo., May 26, 1943 


Southern 


Chairman: W. A. Sodeman. Secretary: K. L. Burdon. Members: 46. 
Meetings: Tulane University, December 4, 1942 


Southern California 
Chairman: C. A. G. Wiersma. Secretary: B. Krichesky. Members: 47. 
Meetings: University of Southern California, October 22, 1942 
California Institute of Technology, January 21, 1943 
University of California, Los Angeles, May 6, 1943 


Western New York 


Chairman: R. K. Brewer. Secretary: A. H. Hegnauer. Members: 65. 
Meetings: University of Rochester, October 17, 1943 


Wisconsin 
Chairman: A. L. Tatum. Secretary: L. E. Casida. Members: 44. 
Meetings: University of Wisconsin, January 15, 1943 
: February 17, 1943 
March 17, 1943 


MEMBERSHIP 
Brera aN M angst LOA acc encase aceenceecenceenenetennennnts 1625 
Fleece GLMCA Ve yh ee ne Ee 127 
TOSS a accepted oe 1752 
UNS GRC NODS, Le tpoancheeten oe Ea Se 21 
LOTIEERLG) ganceeochcocen a ane Sel a oe 4 
LOXSEILDS, .y.gnctne-tiee con asctec 6 Meee sees ERS ese ee Alyy 
-—— 42 
Pormvembersaip, March 3!) W943 2 osc... ee. Scan cc teccecteceeeenes 1710 
Membership: 1933 1943 
1146 1710 


OS SUE) Rll 2s Se 636 
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TREASURER’S REPORT 
April 1, 1942-April 1, 1943 


Balance on hand,/April 1042 se Sac te eae realise ee ete $ 9,722.95 
Income 
ID its te eee I ue as, Ha abe DORE Sih Ait ner $ 6,723.67 
Reprints ‘2.75.4.55 eas gekenee cohen see ee 3,026.01 
Spice (pts 8 aap tall AN ee ee eter Oe 2,370.71 
Cutis alee Sao eae See ce ot 2h A eee 506.64 
Changes. 1s.) ita Sg 2 oR a ed ee oe 43.74 
Subseriptlong! (ke. so eee es esa ae ee 6,221.36 
Bails. Numbers) 5.297 ee os ee: eee eee eee 180.50 
Interest from special account, ..........02..---.-.--c-0csece0--- 1.97 
Miséellaneowsiy. 23.5 et ot ek oe ee ee 3.36 
$19,077.96 
Total Cash Available, April 1, 1942-43_....0022. $28,800.91 
Disbursements 
Papure burn oa 22 2a ts ak apa) Ne Se $ 8,440.38 
REDTINES) S665 Lees ee eee Oe oe A ek ee tee 2,844.86 
Cis ek ae ee ear ee ee Te 613.13 
$11,898.37 
Office Supplies, Telephone, Postage......2-...--.---.------ $ 913.13 
Saleiriy 220 Bk. e/g arate Aree “eee cen a 2,405.70 
Storage: and vinsiramce emer.) ence ore aeeasene 71.13 
Refunds: 005 3200 e ee Te tk OE elon 241.25 
Miscellancous! 25. Sees a ee eee 392.39 
$ 4,023.60 
$15,921.97 
Transfer of Endowment Fund from Corn Ex- 
Change Bankes. 25-2) 5 ee ete Oe Jo ee ae eee 749.29 
Purchase of Government Bonds from Surplus 
MOAT 49 i). Soleo ai, RRO ee lh Ee A ne 3,000.00 
: $19,671.26 
Cash Balances Amrile ta 1943 sok Soy Lose ee heen Nene ee el 9,129.65 
$28,800.91 
Income, (met) ec ee $19,077.96 
Disbursements (net) —__... 15,921.97 
Surplugss ee Ce Prawloo.g. 


Accounts receivable—$817.12 
Accounts payable—$20.80 (Victory Tax—1/1/43 - 3/31/43). 


TREASURER’S REPORT Oia 
FUNDS 


Endowment Fund 


OTM ILS LIQHS SM Ie Bes Se SY ae $19,135.57 
piienectmromanorile ls ml OA! Le SF a eal 666.39 
. ; $19,801.96 
Invested in 
New York Title and Mortgage Co..........0..20......0+- $ 5,580.00 
ileiG@naranteeyand: Trust Co: 22s 1,905.99 
DES AOL IU Kon Hegey ce) OC 0 See ne eae ee 1,478.32 
SOM TY mV LOS: MeL Ke eee eee 2,914.03 
BORO omoaine Ss OMOSi. 61 user eles. tee 5,000.00 
Wecianlarayade: ire ek 2,923.62 
$19,801.96 
Surplus Fund 
NOEL Lg S(O SN Se Se ia kee pe $11,781.49 
Himnonest vos Ano riled. ROSS is ewe ee. 437.54 
Meanster ot MO41-42 sui lus. ise cee oelaechceqaceatareees--- 3,000.00 
$15,219.03 
Invested in 
GilevGmarantee andi Drusty COs. ee op s2 cts cecac ec. sne: $ 2,773.35 
Harlem Savings Bank .......... hc cect ae ele aa 1,596.49 
emo umoardtnosmbonds! ns vel ee ie 4,975.00 
Industral Bonds .....4:22. 228 Fre as eee athe. Va 5,874.19 
$15,219.03 
Life Membership Fund 
Inyested in Railroad Federal Savings and Loan Assn. $ 75.00 


_ Auditors’ Report 


We have examined the books of the Society and believe the records of 
the financial transactions to be accurately set forth in the Treasurer’s report. 
(Signed) R. K. Cannan 
' §. Z. Levine 
P. K. OuitsKy 
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AOS Dae See ea eee ere May Inst. Med. Research, Cincinnati 
VANoveama Somes silly Alcor ener ee reee Coll. bien and Surgeons, New York 
Ait) ‘Acris IBY es 8 secre carers meee ce cee Northwestern Univ. 
ape ONG DA e( st We tin cert pee enti ne OL eee a Ue Mount Holyoke Coll. 
Addis, Thomas: ii set 255 ee eee ees Stanford Univ. Med. 
A.dilensiperig SDs. y ioe. 2 UREN ACO ie oe Bakers ee Beth Israel Hosp., N. Y. 
PW eko} | oS) stiael DE pee ese Hoe etcs OU A 1 ee sete Univ. of Rochester Med. 
JA Gol ip has We Eee 51 ee aes Siege eee eae me Ithaca, N. Y. 
Alexanders. Hamty, 1. hens en ee ae eee Washington Univ. 
Allen, Bennet:M oh oes ee ee hone ee ee ee pe ere Univ. of Calif., L. A. 
Allen, ‘Birainkcs Woe) seek ee eee Oe ee Univ. of Calif. 
Allens Walliam E9223 see Seaver. Seer cen eee Univ. of Oregon 
Alles, Gi) Asc. kc 8 eee Bh BNE epee OS Sd 0 Sr ene Pasadena, Calif. 
AA Ting WIS, A Jicicog ag Se tee ae ee me ee em eee Univ. of Calif. 
ATG, To weer dais = cer hectare Se eee) eee ee Northwestern Univ. Med. 
Altea se is (Ui Tree fo ees anes ees ala a se a Univ. of Calif. Med. 
Aultschiille; M's (Dias ieee. oS ees ees ee ee eels Beth Israel Hosp., Boston 
Alishdey SSeS sacs. c ed uate area ys ee Pea ee eee Wayne Univ. Med. 
Alvarez, Wralteri@ 2s. 5 SN Mayo Clinie 
Alwinie: RAS Sexist 8 2B Se Se eae seen Univ. of Chicago 
Amberg: f Samuels, 4: oe oot oe eh st oe Se Mayo Clinic 
Amlpe rsa, Wie lite ce se bees ee ee ANE, De Univ. of Maryland Med. 
Amos: ibLarold Dis Ses et tak Oe et arek eae 3.50 bae ae he en a ee Re al Rockefeller Inst. 
Andersons Dorothy: Hi. ssee ee ue eee! Coll. of Phys. and Surg., N. Y. 
Am@erson. Eis As3.8 Ar = ee eee. bed ieee noe Peiping Union Med. Coll. 
Amdersons; Jolin Hy ie vane = eee Sono eee ee eee eres Univ. of Minn. 
Anderson Rudolph id 5s eee eee en en eee Yale Univ. 
‘Anderson, Willan (Bin vs ste eee eerie ate ene eee Rockville, Conn. 
Anderyortt, Ha Bio wee pure een ee ee ee National Cancer Inst. 
Amar, Hi Ge 5c 1 ee cade re Oe ter oo Johns Hopkins Univ. 
JAmndimmigg Wand Gawker eet ee ae eee Cornell Univ. Med. Coll. 
Amgeyine. 2D) uM: 2)ier ss 1s Ae enn) ek ey oe ee ee Wilmington, Del. 
Ansbacher,/\Stetaim) 2) v2h bes Rees Lie aT eee pees dae haere New York City 
Aaat-O Opi all terri eee eee oe Beth Israel Hosp., Newark, N. J. 
Asp perl vq SHbrestile Ti Sod ee 2  iseee etree fect nn nee Med. Coll. of Va. 
Armstrong Chan less arse en ees -...National Inst. of Health, Washington 
Ammstrong, Wis Dis. 2ce oe eae oe (ee eee ee eS Univ. of Minn. 
Asmold, "Malosy ds. 2 Fae ee Nese a ee Be ee ee Univ. of Til. 
Aron, "Hu Gai See. Se 2a Ue ee rene stay Stas eee Northwestern Univ. Med. 
AronsOmycd). Deo... seers tee oe Ree faces er eee Be Henry Phipps Inst. 
ArrmiOW,.; Ui. Bice ee ee ad ee ee 8 Glenolden, Pa. 
Asd ell 5 th eas 2 ut SO hte ee a Cornell Univ. 
Atsher, Leone es 1.022) 20a ee Sal dR epee reer Berne, Switzer!and 
Ashman; (Richard 282 1 aces eee ae Le eee Louisiana State Univ. 
Asmumdsorig Vir Src cas ete Soliris Senet: a te eee Seer Univ. of Calif. 


“Atchley 1052 Wiss c st ie see ee er Presbyterian Hosp., N. Y. C. 
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S\N) CORSO (CAs e Poin eae i eae aan eae ee Mass. Gen. Hosp., Boston 
skayare, iipliva s,s SU slag MRS a an St. Louis Univ. 
sAoovsiitan, J), TELE Za bal 00 Oe ene la Univ. of Pa. 
sAvcetingy Te TEP Lo Poe aI eI ee ER Boston Univ. 
BANG AS Tay (0) MEA ek a Neen Rockefeller Inst., N. Y. C. 
Lkenastiyg, Tei: (Co a.rpe aeee ere 2 ee Vanderbilt Univ. 
AQUOS, Wo Le ce ee ee Haryard Med. 
Re TBYGRANG, IPE ue a ee Toe Ta a ee MeGill Univ. 
cher mem lle rises pastes ee eee Univ. of Til. Med. Coll. 
IBovolatin’ (Cheaineon 5 ces les 2 5 Pi Nylon ae et Mt. Sinai Hosp., N. Y. C. 
PS ceemsbe ape Bc! sNowean. ce lteci elie eet ss. National Inst. of Health 
Cas ES 0 a noe oie oe) Memorial Hosp., N. Y. C. 
WByalnpsy JN Tioes IS Me Ss aoe a ee ae ee Portland, Ore. 
I ailovna Satmerong. Vt Magne te eee ei TS N. Y. Post-Graduate Med. 
site enya aN eases CE kn ee ee en Univ. of Illinois Med. 
TRendisall, Ge omie GAG Se Bn eae oes oe Yale Univ. 
ib a kauluavmnilenrarty eee a es ee eee N. Y. Univ. Med. Coll. 
Shab helvetica yonieh WN ares RO wen ee ee Univ. of S. Calif. 
Bil, (Gh, Telco. es ie ee ee eS a en Univ. of Calif., L. A. 
TER WMLS TEE dN SS se coe RG se ORES ec San Diego, Calif. 
LBS, Hs TRS Cae See eer Oe Roe es. U.'S. Dept. of Agr. 
earache Avianline ns. eS Coll. of Phys. and Surg., N. Y. 
labailoveres WV Te loiy angel, canes ae eet a fs ves ee New York Univ. Med. 
_. LBsuctivonad,) 18Wea\ye 0G i se eee ee ee an Yale Univ. 
iureie, /clellenia@, JPN 2 oes a aie 2 | State Univ. of Iowa 
iBegin, Se VR ok oe I Oa Sn a eee Uniy. of Tenn. 
(amnion, (De WV cas ceca een une tse Sn Rensselaer, N. Y. 
iBepaciaeest, Te TRL se a 2 2 ee rae Univ. of Minn. 
(Rerinetis AGoreege 1D), eee OS ee Stanford Univ. 
Stee aed) 2131) Wl ese No c.acsancennscuelacucenaes Cornell Med. Coll 
TERa2Oims Bly Ss (Cee eee ane a Univ. of Chicago 
Towle Toe (OS ee I Columbia Univ. 
“Bieusillege, “Sy. B[e eh aee au eee: tee ene eer i Dartmouth Coll. 
veal Cloenellag....b gcd aa eee le rr Tulane Univ. 
ISS eh, UN LE Lyne Ag ede pee cr Univ. of Wisconsin 
Bieta mn Eoin fer ae i ns Soe) eacdaacenehacconnbensecectaete Detroit, Mich 
“LARSTRSEREDNOS, RQ; (OHSS ee 0 AEB oe ee New York Univ. Med. 
Hey @tes ily TBS 20s peel I Se ne Rockefeller Inst. 
J BECHER DER DOV NSD 22 ee Ree Presbyterian Hosp., N. Y. C. 
‘Expeceanm.ny, (CHA UA sah a I ne Univ. of Wisconsin 
SAVOUR DIEN, UE Ge 9 Montefiore Hosp., N. Y. C. 
EV 8 COD EEREE TO yl fey NEE H ON ga ene ee oe ee Stanford Univ. 
HEI Pl) PRESETS sree eee epee pa ee Yale Univ. 
SSPE), TEL, Chaccapeeihec tgM eee eee Eee Univ. of Pa. 
Sisccosret Mme ATHY Vie eenee me 2 2 es San 3. ccc ce teach, cs Seause Beal. Univ. of Mich 
Besar raat PN PUR see ec es ae a Eo AIG A va deachcencecaderd cesadiccealadceecates Duke Univ 
ian, IP. pecs. eee one Stanford Univ. 
“eet, “Cites bho She ae 2 ae ee eee ne Western Reserve Univ. 
Pee erty! 0) LES a Pee a ee Iowa State Coll. 


UW STINE 18 LVR, Ae ae ee Marquette Univ. Med. 
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Bock with, 2 CoD) ce = eres Sas eee cee ee Univ. of Calif., L. A. 
Behre; Jeannette A, oh k hte eee ey AES ene enteasn ens oaratePeneery New York City 
Belding, Davids lis, seme ote hehe ree ae eens Boston Univ. 
Béndery (My Bier oy ee a hb oo ane Sena ree eeo ae Mt. Sinai Hosp., N. Y. 
Beneston,: da Ate = steve ee ee ees National Inst. of Health, Washington 
Berg, B. ede ee ee nme eee ee Pes ee eee Columbia Univ. 
Berg, Co Riici is eae ie eer etn, me eer epee ee eect ease State Univ. of Iowa 
Bergr, "Williaa No ci:-5..-c. coeliac Se N. Y. City 
Beroeim, Oli sc coe M ee eee oe See Univ. of Ill. 
Beremant, (Max o4) Sea. ee are oe Fees ce eee tae, ae eee Rockefeller Inst. 
Bernhard, JAdolp Wee pone saves ee eee 2, eee ae Lenox Hill Hosp., N. Y. City 
BernibartyB's Wal sg 8 es eo er eee ah, oh 0 eee eee ane ae Cleveland, O. 
Bernthial, i Gules ee hg eee ta gen ge oe aoe ete Vanderbilt. Univ. 
Bérry, GeoreesP.. o.oo ese tere tee) eee ee Univ. of Rochester Med. 
Beubnion, WRG. ee eee eee eae Oe ae Fiakuemant Med. Coll., Philadelphia 
Beenint Whirecis an seid 2 Sy ae abet Lola fee cs Mt. iat Hosp., N. Y. 
Bieter, ayiund IN, SURE ie Pe A ens ot oe 2 eee ee Univ. of Minn. 
Bills 10 ea, wee 0 ee eae ane ee eee Mead, Johnson and Co., Evansville, Ind. 
Binge Franklin © 2 x50 eer aes Am. Med. Assn., Chicago 
Bing Re Oy Gee eee eA OL 1 ee ee Sem eee Nae! Tale: Med. 
Birkhane S Konrad) bine te eee ees ee Geofysisk Inst., Bergen, Norway 
Birmbatirn, “Guys eres ee Aer eee es ee ee New York Med. Coll. 
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Biskand iG. HA ec oal te sul eee empeeeees. Ree Mt. Zion Hosp., San Francisco 
Balinese) Glare Ee: { hea, eee not Hosp. for Joint Diseases, N. Y. 
Blake, BY (Gc Neb ee I Cee ae. heh ae ee ee ree Yale Univ. 
Blalock, [Al fredis: Suc 1aoy. tees he nour. Ace eon hate Johns Hopkins Univ. Med. 
Blatherwick, Norman R................. Metropolitan Life Insurance Co., N. Y. City 
Blinks.) Toye ao ee SE a i eae eh a Stanford Univ. 
Bloch: Robbert) Gi ix. 25 ia en ee Sees 2 re ee Univ. of Chicago 
Block Richard ya see oon eet a ee N. Y. State Psychiatrie Inst. 
Blooms William). o.2 eee iM UE aera MEST The See Univ. of Chicago 
Bloonatield Ay itil Oi) SAAR aes a ee ee Stanford Univ. Med. 
Bloor Wi. AReece 225 Ia 0 Oe eee, a Univ. of Rochester 
Blount MarR 0 i. 500 a ake rae ee een We tse Univ. of Texas Med. 
Bum Mf arol a Rd, 20s se oss Fae Oe ergs mee National Cancer Inst. 
Blomberg,abtcirold 2... ee cet aan oes ok  eeeet Johns Hopkins Univ. 
Blumoari abit se erie sone eee ees Re vera Beth Israel’ Hosp., Boston 
Bock, Joseph OF Meme eReneeme eehaeh o ee Doe Weiner Nae vet SS Marquette Univ. 
Bodanssy, Ui Anns Speed eel marae. Ce ee Hosp. for Joint Diseases, N. Y. 
Bodansk yer Osea co). 2). ees eae to. in New York Univ. 
Bodine; 22)? ERS Oe.) aw cae PU A ewer atrial © Uae State Univ. of Iowa 
Bogen, Emilia: . "5 Nae Bae eee Olive View, Calif. 
Boissevainsy Charles: Hs cie eee ee a en Colorado Coll. 
Bollman, yJesset Mn... 2oi zest 2a ee Oe ee ee Mayo Clinic 
Bonner; Jamestse 02:55 eee Vs ce een ne sea a Calif. Inst. of Technology 
Booher) Belag@ hits 2:..., 2. dente een eee en eee ee ne Minneapolis, Minn. 
Boor Alden Reve 00 Ronee eh mae ESE Mh yee Univ. of Chicago 
Boothby, Walter! Mi: . 3 ee ee eee ne Kahler Hosp., Rochester, Minn. 


Boots; Ralpht 2c. fc: Aare) Nyman cee area Aare Presbyterian Hosp., N. Y. 
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LEVEATIV CI | DA Uae fact Renee Re "a0 Le A Coll. of Phys. and Surg., N. Y. 
Phair Oat oie oo) Se National Inst. of Health, Washington 
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ISWReiaeehy LRVaNeteiet RGSS SEN MS Ne oe eA R Es in Syracuse Univ. 
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len ivedine) ON Weigh Ge) 5 eee oe ee ch a N. Y. Post-Graduate Med. 
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TENuLC Cea) si Boe Sh See SI 5 2 9 a ro Univ. of Colo. 
POE NEMA LOY OIE/S1 Gt 1 EME RN es 2 a ee Towa State Coll. 
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Leseeeiiey IPI Cs Ub Ae Univ. of Illinois Med. 
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IT SREUEy (OL JD aay DIRE 6 foe ne es Ce a N. Y. Univ. Med. 


LESUU nie 2 SSNS Aikman eee a eh ca Nh Ars Pest ot a Hamilton Coll. 
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Bir Gp Blk See ee eee Univ. of So. Calif. 
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Byerly; Ui Ges 5 oe U. S. Animal Exp. Farm, Beltsville, Md. 
hae We Minha oy sek laa ie ee a eee ne 

Calvery, HerberttOt eee Food and Drug Administration 
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Camierro my stA Se 3 hah ae er AL ee Univ. of Manitoba 
Campos, W. Agy eM 25.7 0 oaek ees. oe eee eee Univ. of Sao Paulo 
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Cantarow Atbraiam 2. een eee ae ee ee Jefferson Med. Coll. 
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Carmichareliy His dB 520 eee Bea eh 0 es ae eae Univ. of Alabama Med. 
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Geel, Ro Lu, oc: 2i ode a ceed i Ae eat ee na ore Base Cornell Univ. Med. Coll. 
Cerecedo,, Din Renee ke Le Oe ee ees Onda alma emacs 
Chadwick.9 Cy (Sst oiker no. 5 tye ek eR. ne ee, Vanderbilt Univ. 
Cliatotts i, Tyret 205 26k oe eae aie eee a a ne cee Univ. of Calif. 
Chambers. Robert se ok ee ae Co ee are eae New York Univ. 
Chamibe ns) Wel livery EY ese ees ea ee eae Cornell Univ. Med. Coll. 
Chanel yHisy «Chines 220. be 2 eee oe ae Peiping Union Med. Coll. 
Chaney (Hsiao Chigmicu 828 ae ae, ten wee Hunan, China 
Charon sia nya eee is) Se 8 ee ee ee Coll. of Phys. and Surg. 
Chharipper SER ANi elt ht) ee Ne eae UL ee ae a .New York Univ. 
Cheers (Ss IN eae Feeds 6 ies Ta eae W. China Union Univ. 
Ghen; Graham! 2 ik, othe. 2s ee eee se te Uniy. of Chicago 
COU ekona ea San (Ca celrey Bae ame ary etn RD te Es Eli Lilly and Co., Indianapolis 
Cheri 070 S00 ii ne oa te So EES ae as ae Peiping Union Med. Coll. 
Chemie ys Ry Fatal 0 eee oh ee Jl eee Long Island Univ. 
Chidestér, BY SHE 0) a3 2 as eet ere ale Mey Newark Valley, N. Y. 
Childs: (CS) Wie 4 roi 3 8h se 1 me ee no Stanford Univ. 
Ghote 5 TKe SS ee a ee EE TIES) lea ol a oi ae Univ. of Pa 
Chow By Wiss sais) 8 See eaten Squibb Inst., New Brunswick, N. J. 
Chrustensen,. Kaseite io sated meus eine in bo) Pane a St. Louis Unity. 
Claristiain : Heme yee eet eee eee Peter Bent Brigham Hosp. 
Christman, Adam GA x2). 25 00s ila coe toe aa pare ene ae ea Univ. of Mich. 
ROS is bes chen Wien ot eM eet Oo Te ee Peiping Union Med. Coll. 
Cuaron 2, scale ae ee es Peiping Union Med. Coll. 


Clarks Ada iR cia otss<:, Vee e ee eeee aera oy eee Coll. of Phys. and Sure. 


Mempers’ List (ALPHABETICAL) 279 


Cinta (GE pets, 20 Ii ec a Med. Coll. of 8. Carolina 
‘CR Aker CEPUBe. VA eee a eee ee Lederle Lab., Pearl River, N. Y. 
Cileanc, 1Pg 10 coe Se See a eee Univ. of Wisconsin 
(Chemie VN, Oe ck Sa ae 4a te ee oe Univ. of Minn. 
(Clg ake, Sena. Yak ap na Coll. of Phys. and Surg. 
Cae IN a crsccsg Cia RO ee OE Ne Rockefeller Inst. 
(Chietniseyet. TEL, do Oe, ate eet Pe a a a Univ. of Colo. Med. 
(CIE DISS arch oS \ ene Strong Memorial Hosp., Rochester, N. Y. 
(Clemens, 1S vena feyte vue [a soe rere eee oe a ee Univ. of Minn. 
OUNCES ONS (CHG SEINE, 2 225 ieee ae are es ee ee oe Stanford Univ. 
(Cibuegyal exoy, TD IR ce AA ee rae a ee Rensselaer, N. Y. 
(CHG rin Cat Vis FN cele gt ee Eli Lilly and Co., Indianapolis 
Closes: (CET ah ENS IE a FE ae Mayo Foundation 
(Chowraxes loa IDs ieee ca ee SS Ee ene Uniy. of Mich. 
(Giclaveiny. There acu See oS Ws eee 2 Johns Hopkins Med. 
Covente Million. Biel rn Ue RUNG ey Po a St. Alexis Hosp., Cleveland 
CIOS hg AB eae eee MOS eet eee ee Rockefeller Inst., N. Y. 
(Gtiaigy, “De sgav! AJ ee aoe er ee te Michael Reese Hosp., Chicago 
Colin ISTO Ap ea ae en New Orleans, La. 
Core, Acaliir Cove See Me Univ. of Til. Med. 
(Grolgy LE leaeo) ol 18 i ee 008 SN 8 Oe Univ. of Calif., Davis 
Dil TE, “ect cash Mier a Univ. of Wisconsin 
(Cella, Runt Re aaa Rockefeller Inst., N. Y. City 
(Colle, Wrarereiny 15a) Aes ee: ee Univ. of Ill. Med. 
Grolles,, “Wu liresan’ 115 Ease Ss SS SS Rutgers Univ. 
Crnilores.. VGN Sie sas oe ee Brooklyn, N. Y. 
Collier!) Wallliam (ews ee St. Elizabeth’s Hosp., Youngstown, O. 
(Cotas, 1D), Ms... Shapeenr ees eee ees Temple Univ. 
CCL Dy ley LB Sa eT McGill Univ. 
Clomiyotenres 18g lig, ens ea a Univ. of Chicago 
Cratis,, (Chieinlest Jha 2a ae EO 2h a St. Louis, Mo. 
Cook, Donald H School of Tropical Med., San Juan, P. R. 
alee, diy Wossicacc. esa eae eet ot ee le Washington Univ. 
MODS OSs LB Ee Pere ee ee te Brooklyn Coll. 
(CPOi eH, | EET BS aaa ee ee W. Penn. Hosp., Pittsburgh 
COaga rs. IAI ore ap pe eee Univ. of Cincinnati 
‘iy, “yp cee Da ARMS Pe a ee N. Y. Med. Coll. 
Gogermnayerse We Misc. oe ecctec eee cscee es Sey aR owe ke oe ee Columbia Univ. 
(Cremelenidl, Uehavalel) Ss Coe hy See ea Se ae ee ee Univ. of Tenn. 
Chaseesyy TB, “TWtsenite hrene tek al en ey a Univ. of Va. 
Cheri, (Cia ial 1S ci cece ae a ee Washington Univ. 
Clprtibanye, TR ee GO tae ae en ee Purdue Univ. 
Chinerivese, (Greig est. NG: eee tn a A Carnegie Inst., Baltimore 
CRT Ooiy 18 UA EO AE ame a oe National Jewish Hosp., Denver, Colo. 
(CHD TNR coat cnet tee ee An N. Y. Univ. Med. Coll. 
“CASE OPS | EAS a te, i U. S. Dept. of Agriculture 
(Coawaliay, TELS Wo ae ee eee Ce ae eee ee Washington Univ. 
“Creswell, GUO i511 As MUSTO BAe a Yale Univ. 
Cape, 1 BY Ca 10 ee a U. 8. Public Health Inst., Hamilton, Mont. 


(Creag, Naira “MES 0 fide ns 5 SP ee ee Mead Johnson Co. 
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Cram, Filo ise. ook ee er ee ee ete eee Nat. Inst. of Health, Washington 
Crampton) Cou Wierd pees erie etc ce ge eee nee N. Y. Post-Graduate Med. 
Grandall, Tus sAs, (elses: ose a eee aa cae Uniy. of Tenn. 
Greaser) Ci Wi ieee Ale ts cost tre rn ee ree Wayne Univ. Med. 
Oriles George QW cic ete eee ee OM are oer ee ae Western Reserve Univ. 
Crittenden,, Phoebe Js cn.te--onccecesssonesescontcedceosenetapisnstesd rode eae hn oe REO RCE eee 
Orohn, Burrill |B. sesso aA Sees Mt. Sinai Hosp., N. Y. 
Cruces, aoe ee oils eo ro ec ae ee ee Rio de Janeiro, Brazil 
Crruz-Colie:. Watals, 20) tc heey cere ak a ae Univ. of Santiago, Chile 
Coonkast Wyk eas eae De eae U. S. Dept. of Agr., Washington, D. C. 
C@uillers Hs AA ee he ce ie Pee 2 ne eee Sear tueree ee Univ. of Rochester 
Cumonnins\ ET aro. a ee ee ee Tulane Uniy. 
Cunninelam,; Berti. s 2 otc espe ac aes ee a Duke Uniy. 
Ghartis, Ge SM. 285 sh So ese iad ease) eee Ohio State Univ. 
CGuirtis, Mayne: Rite oe eee eee ec ae Columbia Univ. 
Cutler: Blliott< Gece vie Se eee ope ay Peter Bent Brigham Hosp., Boston 
Cutting, Release Bey ier ee Soa eee es Georgetown Univ. Med. 
Crnbirncs  Wis Cie Sel eee ee ee ene eee Stanford Uniy. Med. 
Cutily;; Hugenet0 2: ee ee aes ed eee ieee Wayne Univ. Med. 
D™ Goal, Me ci ee os ee gee a Univ. of Chicago 

DWealtcis STD) a2. owe se Lee ira 0 2 8 ae A oe eee Ossining, N. Y. 
sTDiailllcl oes CHU ester pee eee ace manner Grasslands Hosp., Valhalla, N. Y. 
Dalton Ao, J oett 25 <2 ee Se eens oe Cae ee yee National Cancer Inst. 
DP Amor, cl Mis. 8 ool Linea iipemaee in Ee ae eS Univ. of Denver 
Danforth, Charles: Bi. nae eee ee eee ee Stanford Univ. 
Dantorthy DiiNee 20 ee ee eee ae. «Cee oe Sloane Hosp., N. Y. City 
Mantels, Amity Tis 620 25) Seis ae Pee. ee ee eee Avon, Conn. 
Danzer Charles. 67 e ae a ae 3! = Art eee ae N. Y. Med. Coll. 
DautrebandenTneien 2.0. 8 oa ene See ate Univ. of Liege, Belgium 
Davenport Beene Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
Davidsohn Tsraclis 27) 0 ited ie See ee Ay ae ee Univ. of Chicago 
Davis: aD Md. e Ae.) en at iOS OTe aie Es On At he nas Wilmette, Ill. 
Mayas iG Agee re 6 laa s Sen ud ie ee esa eee Louisiana State Univ. 
Diavigy: J Cia tes ke a ee oes el oe eee eae Univ. of Arkansas 
Davis, M5 Hy ecco eee Ee aS 2 5 Univ. of Chicago 
Dawson James vA 05st te Rae ee i A OU Sah eae Coll. City of N. Y. 
Dawson, M. H........ ot ERIN MP tone ct SR nc temuea ) og AI ale Columbia Univ. 
Daya pal. j Agee sc conten bee, Loar BI elie Re eee Ae Sa Northwestern Univ. Med. 
‘Day. Paulos 23 225 eet ie aay ie ee oe ee aed Univ. of Arkansas Med. 
DeBodo} Richard s.y-.../t2e Seek a ae ee Be es New York Univ. Med. 
Decherd, Georges Mis. Se NSN ny i ee ate oe Univ. of Texas Med. 
DeHids: Boy d-aeck . joe e sy alee ie ina I 28 Stanford Univ. Med. 
DeW ries. TD. ae 4 Bere en! ce hla eiemee es ENS ae eee Univ. of Toronto 
BDeGowiny: Fis Tier 2S ee ea See eal eee om State Univ. of Iowa 
DeGrait As Cees iis det 27 tae 7 Cee dee See SOE ee ena N. Y. Univ. Med. 
del: Castillo. Wiis. Soc. ay OR ELn DS oie Caan ht eae Univ. of Buenos Aires 
Demmils, {Bis Wiel ete 2.2 Uae UD cae reek anh See eae Amer. Univ. of Beirut 
DeRenyi; Ge See 2) 60s ss nae emia We Sieg ae ane ame Univ. of Pa. 


Det Savitseh, ‘Higene:<:- =e ae eae eee as Washington, D. C. 
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IDS GIR, Sic eevee sees eee Se a Se Ra Columbia Univ. 
Beretta ere ree tk NOL ee ee. Univ. of S. Calif. Med. 
PEISTED DI Blige ek nA ae a Univ. of Buenos Aires 
Lange (Gd u tee. 1) lise tod pac tee ca A ee Univ. of Chicago 
L Queenie AY ve foaled NIA E R L o  emeeer Univ. of Chicago 
Wietreemlnoutsee ts A be Massachusetts General Hosp., Boston 
Weiren enmieancisa tyme erie cai, teat eee ae. Boston, Mass. 
Thue ley Ge lB ls ce ec SES ea a gen Boston City Hosp. 
iD veetinaty (CV eI eS WINGS ok a OA .....Ohio State Univ. 
Dali asa5y 5 Sah sae A oe Presbyterian Hosp., N. Y. City 
Trott, AVSIM rae le A a NT es oe, ee ee Cornell Uniy. Med. 
TD acess TOS CC ete es ee Fee eae a Univ. of Pa. 
Oyen TE calagnigel | NG sot ee 4 es pence ee ee St. Louis Univ. 
[Draleny NW Ds RR, pe en) ee Univ. of Buffalo 
Ve cciay ee uae) Nia 2 pee ee oeean 2 1 ee ea St. Luke’s Hosp., Cleveland 
UD eaieaaitnl Tong Wis So eat AP Ce el Ok a Univ. of Chicago 
ADortaikctecoriance) ee (este en wee esis Vie ewer Ee Univ. of Pittsburgh 
Telly WG Shs cera UI Tee hon cra aie Syracuse Univ. 
LO ADVELETAR CEN, 2 Berl ai [aM oa Western Reserve Univ. 
TOPS ETS Ui Bis S09 i A etre er ee St. Luke’s Hosp., N. Y. City 
Ap evinvo We termed enya a eet aNa strode ere teceieeeu Meese Be aca Mt. Sinai Hosp., N. Y. 
SE ORT lies, els Seisnc ee tae eee Pw ad Western Reserve Univ. 
LID), Lisl Sisdenenecees cseuetiem erage Re alll See ee Univ. of Oregon 
“Drepelgrinn, LD) ee RE RS OT cea Univ. of Pa. 
iDeaversybeeilis, (CRT, Oe \y ee ehene nese, eee So Northwestern Univ. 
LOU elit» LSS eho LR wey eauge tp Reelase soho ee a Univ. of Chicago 
{Drenyorestes, SUG tah 1B: eerie sectors a eee a Univ. of Colo. 
Die eran, JN) IN, on Meera aatyre a Uniy. of Edinburgh 
WDiewsoerellh., Alc ageie es MN AUN 0, ean Philadelphia, Pa. 
TDs ey, LD WIN Sy ee geen Rah i cp ec Univ. of S. Calif. Med. 
allaiod wieharrye Mrs. 6.2.02, ely eo a eS ee ea eee et Noid. City 
IDS eH, 1D ERG ee Se EO US ee A Cornell Univ. Med. Coll. 
LDUUBYG mR, LEY IS ale ee abate aot Gite te ne ea Hartford, Conn. 
TOTS), JRL BENTOY IIe 5 ee Snes Al nn Harvard Univ. 
Tit eap, TE TS beetle seus pane ae ee ie a Cornell Univ. 
[Ohprean., beellves (Cpe! aS iO OA ee a a ae ee a Columbia Univ. 
Dhoni, ANUS Ie ee Uniy. of Calif. 
“OUTER bac SOOTEVENIESD So ee e iece lite Yale Univ. 
ace etre Ae TES de ees eet ae Penn State Coll. 
Diy doen Van CeN ts) tke 8 eet ed Cornell Univ. Med. Coll. 
TODS) AIDS) Obey Tee eae on oe ai el ee eR Cornell Univ. Med. 
celine, TEST keri ieee Re 2 a gt ee RE National Cancer Inst. 
‘DG Seles, De Yeg2) otc See eee National Inst. of Health, Washington 
Be: Soy ola) pemegtar ene epee cor oat eae are National Cancer Inst., Bethesda, Md. 
Pieter Tine Nisric) 224 ne Scotty eet tee Ca sacs Johns Hopkins Univ. 
TPP) AM ECEIVAC0) 9 Peaster om ean eR Louisiana State Univ. 
eMart ce ei a oat ee Dept. of Public Health, Berkeley, Calif. 
rattan ERA CLL CKe Seen fe sg Sem ee Pittsburgh, Pa. 
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Bekstein, Henry C...:..2:.tien eee ee Univ. of Mich. 
Edd yFiNig Bee eee Nat. Inst. Health, Washington, D. C. 
Widdiys, Waller TH ccc 5 2 ococcece cle ee ee New York City 
Hdwards, D. Jini. 2. Aete e ee e eee Cornell Univ. Med. Coll. 
Bid-wards! JSG son ee ee Ce ee ee ....Univ. of Buffalo 
Edwards, Philip ee mn mate Tye Aer. Exp. Sta. 
Beeston: 7A nde i a eee ee ee N. Y. Manhattan Eye, Ear Hosp. 
Wichelberger, :billian-<. 224.5 bee. Be Re Univ. of Chicago 
iler:. Soha = 220s et ee ee eee! faces Ok | Univ. of Calif. 
Blbingars\ Ws P02 28 ee ee ee ae ee oe oe Montefiore Hosp., N. Y. 
Willis, (Whax Ms Js. 5 8 ele ee oi ee ee ae Univ. of Mo. 
BuMLs) Ny ERs 52h: cnet 5 ee ee ek U. S. Dept. of Agriculture 
WMnian> Rise ..2 see oe ee ee eee Washington cee Med. 
Bilsbeng,)Ghartles:(A 222 5g eet Neurological Inst., N. Y. City 
Wiser, (Ws Jick. s 2... ees eta ene omnes Cornell hae ae Coll. 
Blvehjem,,; SoA. 24. 0... <2 See eee eee Univ. of Wisconsin 
Bimerson, GA koe se ee eee 5 West Va. Univ. Med. 
Himerson,, ‘(Gladys A...) 5 ee 2 ee Merck Inst. 
(Biren y, Ws ie ots ee Fao eee ee Univ. of Buffalo 
Hriage oo AA ee 2 ew 5 ae enn ee ee pee SS roe Stanford Univ. 
Byles, 20s Bec cece soc oar a ee Harvard Univ. 
Brigle eRe sie ok he oes ee Ree ee Oe ee eee Columbia Univ. 
Pinsworth,) His Ke foe oo oe ee ee ee eee Cornell Unity. 
Bipsbein fA AC oe soe ee ee pe eee ees Mt. Sinai Hosp., N. Y. 
Erkinger Josep lis: 2-5 tee ee ee. oe Washington Univ. 
Brnstene, “Arthur Oi A oeee 2 ae Lae ee Oe ee es Cleveland Clinic 
Bissex; Hiram: Ws 3028 etc Oe Mayo Clinic 
Hstable; (C22 3.2 ese ek Oe ee ee eee Inst. of Biol., Montevideo 
Bhan; William:2.22 20 eee ee Coll. City of N. Y. 
Bivans, ‘Allsce (Guitbe 1 Be National Inst. of Health, Washington 
Evans, Earl A., Jr Ge of Chicago 
Byans, Gerald... 5 2s 53s oe ee eee Univ. of Minn. 
Byvans, Herbert Mo) 02. e ee Fo aE oe ee re Oe ee ea Univ. of Calif. 
Biyvansaels (Goes. ho cee ee Sa ee ee ....--Coll. of Phys. and Surg., N. Y. 
Hiverebb, (Mis Hij.. i.e sc ee a en ee eee Sa Univ. of Okla. Med. 
Mivster si): Ac Wis. Ase ke gece Rt Beige Seed me va ee Univ. of Wisconsin 
free: harold Kes. eee ean ee Stanford Univ. Med. 

Walk.-K. George: 29... doesn ae ee N. Y. Uniy. Med. Coll. 
Mamulenen, lites W :1s..:c- se RE oe ee Englewood, N. J. 
Harmer,” Ghestens..<.. se200 70s eee ene Northwestern Univ. 
Ba tres 2 My See Se a ee ee eee Los Angeles, Calif. 
Haust, slornest-Gitves ..).. 2 ee ee ee ae Tulane Univ. 
Wayorite 45,0: oie. 2 ae ee ae ee Hahnemann Med. Coll. 
Rearing,  Kranktings . 2.0: <<). 3) 2 aes ae de ee Univ. of Calif. 
Weil liane] di sic Bee ois Deka ee enn yee eee eee Western Reserve Univ. 
el ows, <Histd) oe es 2 ts oc Sn ees ee og Temple Univ. 
Beng TD. ee ee! er Eo Dg ee Se ee geen Peiping Union Med. Coll. 
Henny Wallace gO ec... ts oh eee ee ee Univ. of Rochester Med. 


Penning «Cates eh ie Dc eae elias ee Seine fe ee ee Uniy. of Utah 
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TEREST, ROUT LE UE So ee eer re re Univ. of Mich. 
Tg iesmepmt, OIG) Da Neate Univ. of Toronto 
LEETIURGDS JATIN TOT 0 CO Ree ae eee RO N. Y. State Psychiatrie Inst. 
Terie, Lia. ie See ects A a ee ee ee _ Harvard Univ. 
DGNOAEL LEIDEN sees Se Albany, Calif. 
siete). igemiy TNE. ec eee nese eee gc eee Stanford Univ. 
Tea ete, TEL JEL id eS Me ee Sa ene ne ee Univ. of Maryland Med. 
Time, Decale hs 5 ee Beth Israel Hosp., Boston 
TB sees, TN by SS) eee ee ee General Foods, Inc., Hoboken, N. J. 
Pirated ls 4 (Sos oc ate eee Boston City Hosp. 
Twas VAS Ne Msn a Johns Hopkins Univ. 
TPS GhOSEe MURS ia a See Ee eae eet ee Kopenhagen, Denmark 
LCN Ta Doe ie es AOE Senn Med. Coll. of Va. 
TPE eig NN Peirce Wl & bees eee eee eee ae Coe Univ. of Cincinnatz 
Tirso eyec NODE s Re Sean eee eee ean ee Beth Israel Hosp., N. Y- 
BBS TR IN a eae as eae ens, Pasadena, Calif. 
sBilcisiine rep mere yo ee Se Eels te cco St. Louis Univ. 
J PLoS a at eve) AUC ES) 2 ee ee eee a a N. Y. Post-Grad. Med. 
Tava ecciey [nine oe es Re ee N. Y. Med. Coll. 
JP Udimmeyenay, (CLA CS sl Dee tee ee cere eee Stanford Univ. Med. 
TROSHIM NYG pale ee ee Uniy. of Buenos Aires 
Tey ey, CRIES OS ee ste cen Univ. of Alabama 
IMard es TRS aN ey) Sook oe acy reter ec cielo a ee Milton, Mass. 
Doulas, dioltiny (Ue ae ee Med. Coll. of Va. 
emienase, Chane: Bp ees yO N. Y. City 
Boctuyn, 2A, lilo URES ose Sih ee Paramaribo, Dutch Guiana 
Pomiene IRs TEL, TRS Se ee Se Nutley, N. J. 
Lveyyel dares, VR UIETS AY BS ae ON 5 a State Univ. of Iowa 
[Brgy 1D)5: JUSS Se se ee eo Scripps Inst. of Oceanography 
Pugin ae GC Ont: Teint kL ee ee Univ. of Calif. 
Dennen, TNO cath le cae en ce Univ. of Mich. 
Envgrime, [8volaeisth a0 ees eo 0 ee ee re Mt. Sinai Hosp. 
NUTGHRRE, 10, Mn cootlce eee ae ee St. Louis Univ. 
TEP OTOS,, LE Ws econo eter ce see eee U. S. Dept. Agri. 
Frazier, Chester ead ES. 20 ee Baltimore, Md. 
Freed, 8. Cb neeate SS ee rn San Francisco, Calif. 
hpeodlanider, HS Oia cee be acer Scene Western Reserve Univ. 
Weve DOSS, TO OUI eee sae N. Y. City 
iRnevninat, LBs (bby OP ted om i cee a aed ne Boston, Mass. 
1 Spisiheernlsraeare Ch, ae A aoe ee ee ee Univ. of Utah 
SO ee a Bureau of Laboratories, N. Y. City 
TUSCET AOU TD oS eee nen net Univ. of Copenhagen, Denmark 
i har eimai OLD a eek eae oe on ee Chicago, Tl. 
“Proebenenidle: AWW, USES 2 ae Rockefeller Inst. 
“Us ngbtneias (G33 bs ee area ee ee ae Washington, D. C. 
Sai ticarbera a ined Viewty Hee ee re ae I Peo Jefferson Med. Coll. 
TE GUN POT aieh 1 Eee Mt. Zion Hosp., San Francisco 
SE ICUIERSNEDR, NE Wa lee, eaten Baltimore, Md. 
POTNOTE, GROW ER Sate arecste 3 = a ee er Yale Med. 
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Prank; Ceasinmtae sa he a a ee rene ee een N. Y. City 
Dino bagel ame fcc one ne Meme RE eee sy pune le tet Cornell Univ. Med. Coll. 
Beek, COR) 5 amen AR Wey ate | eee ete eae 2 Henry Ford Hosp., Detroit 

Gager Ar Stuarton set cue eee eee Brooklyn Botanic Garden, N. Y. 
Gall HdiwairdidA: i) ts a eee ene eee Bethesda Hosp., Cincinnati, O. 
Gallagher,"Ts Fei cs¢ ook scenes es eT ee eames 
Gamble, James L......... ware eT a SC ee LU S pe Harvard Univ. 
Garbat,, Aibraliam lia. 24 a: nee tees eee eta eco Lenox Hill Hosp., N. Y. 
Giardmery: Toenails casero etree tee ce ee ee Saranac Lab. Tuberculosis 
Gardner.) Walliam: Uist 2 2 eee adh aie eet a ees Yale Univ. 
Garey.) Wealtex (Blix Soest ce eee aed oe ca ee eee eee Vanderbilt Univ. 
Gaskell? Sioa: Wyic 2h orn eg SA NG 0 Te a ea rene ce ee Cambridge, Eng. 
Gasser, Herbert Se. 20 1542 eee 10 ee Be ee Rockefeller Inst. 
Gassner,."Wrancis) Xin ok #2 eee ieee oat toutes Colorado State Coll. Agri. 
Gant, Robierties.. 2/5 oe ec es Cee tn eR ana New York Univ. 
Geiger, JA wdbs 4 eae ll ren cone Yale Univ. Med. 
Gener: By au. eh aap eine eee ce seat ty ee SDL Inglewood, Calif. 
eile 5B MLS IK 258 2 oe Beate ee ok ene cee et ee oe 


Geist, Samuel: Hi/i1s) eee eee eee 
Gelarie, Arnold J 
Gellhorn, Ernst 


iGrengerelli 1S. Aloe cee Sy ee ace Yh) beet ae Me re Washington, D. C. 
Gerard, RA Wie citer Aes theme eS Se Univ. of Chicago 
Gerstenberger: tla. cl 22). cee eee ve eee Western Reserve Univ. 
Gesell... RobertsAvi... sens) Aas eel. cae cl eae Se Univ. of Mich. 
Getiler. A Oye. 2 sete Re 2 ea ieee pea oe N. Y. Univ. Med. Coll. 
SGD; VOR IS teres eee ee eae eee Ee meee 2 ov Dac Memphis, Tenn. 
dihson, Rs Bask Bot he eae Ae eee oe ene al Bea ee State Univ. of Iowa 
Gies;: Walliams Jig. 2o see Oe ee ek ee a ee Columbia Univ. 
@ulchrist; Wrancis: Ce eke es ees cles ae ee te Riverside, Calif. 
Molliganis, Dorothy sits.) css ites eee Ce oe ere me Cornell Univ. Med. 
Gilman, Alfred 2 ek aie he 52) ee eho es Rea ee Yale Univ. 
Gilson, wAgsS:.clitient ie fae ee ee SOG NE LS Washington Univ. Med, 
Girden.t) Hid ward 2.3) Le 2a ee eile eke cee Brooklyn Coll. 
dGrthens il. Sie Se ieee ak Ain eae ei coe ican ae lee .....Philadelphia, Pa. 
Givens; Maurice SH ott wt oid ee eee 0 0 hs ae eee Chieago, Tl. 
Glaser: Otto Chee 4 io 2a i ee Eee 2 Se ee oe Amherst Coll. 
Glasser, Otto Ci) 2) LA Deans ey ele ee eee Cleveland Clinie 
Glaubachy Siz Ue. ec tote celia. ee eee en Beth Israel Hosp., Newark 
CET RG) eid BP - eieeteae hP aN, eae ES mn ee ec an eM Si ee ti Minneapolis, Minn. 
Goettsch, Die tua. deee ach hic Bonsall ese, me eae oe aay Columbia Univ. 
Gold pElantty p.t:5 8 ss. 2.00N tee eee oka ease Peet oe Cornell Univ. Med. Coll. 
Goldbers cS Agee) ose ly eee oa Presbyterian Hosp., Newark, N. J. 
Goldblatt, seiarr ya 032 Bee eae Wee eet ae Western Reserve Uniy. 
Goldfarb.iiW alter get tet nue ote eee en ee ieee Bellevue Hosp., N. Y. 
Goldfeder, Anna Jt 738 ce eee Sie ee New York Univ. 
GoldforbJAc paler. ee Te SR pe erie ee Coll. City of New York 
Goldin gy 5 WW sieges Ae ee eT ee ae ee: oe N. Y. Univ. Med. 


Goldschmidt, .Samuelic:: ses ae a eet oe rag eee eee Univ. of Pa. 
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(Cepantine) CRS Oi ERE. Feabe Nee Gi ema ele se a sls ao Mee Ne re Univ. of Chicago 
CREO NERONTT, «MG eee Rey RR eae area a eo Yale Univ. 
“Er Bheesite, RS ETRV OEE OW ote ea orl Ro Rockefeller Inst. 
CROSS) (Oi) UNE ac AR 5S ep te ey SR Se ce Tuscaloosa, Ala. 
CRORE, BURTON GL, ee a lp ae ner an a ee ee Ee am ee a RE Univ. of Calif. 
CHEEIDEL, hn VN) Geng gl Te Sal yA NOR Oy Se a Cornell Med. Coll. 
Bresette hale 2 00) oN Ae ee a leny Lane ce ee ee N. Y. Univ. Med. Coll. 
(CSEN ESOT, CENTIVERSS TRY AC soe ce, NRE Ee De Univ. of Calif. 
SHLIDUNTA, "ON PEITRSH JERE coca ep OR OS See Washington Univ. 
CREe ey TENG eg NG EE Ss ea cea pasee nO Washington Univ. 
Chae ateeyyVNVTUN Dea ag NI coe ese 8 ee ne St. Louis Univ. 
Graver el obmir GS: a3. -< is. ccc Eo. Slee cent’ oct eee Northwestern Univ. Med. 
CHES ys SESH RUN Gees ei a lee ee Jewish Hosp., St. Louis, Mo. 
(Graeelony, [PS (ORS T NGI 2 a nestor ain = 3 Univ. of S. Calif. 
(GrRaGynl, TE MERWON OVD as se ly ek eee eo oo ae Western Reserve Univ. 
(Geary UE pial Ceara ee Nee ee ey ee Univ. of Minn. 
ies vemos) ay ANG cease era ec eS eens ce Sa cestecece Tonnes Univ. of Calif. 
Greene, Carl H........ ee Re ca ceceas Brooklyn, N. Y. 
(Gao pee THIGh itr pole INE ee ae Mh ales ae Yale Univ. 
(CE vomit) EUTINERS | ANGI LEER etre ES > eae State Univ. of Iowa 
(CAREY ELCGY, ISI [ny aeal Su elope see taed ne. 1 oe ner N. Y. Univ. Med. Coll. 
Greamncoiyel, WJNIE Ae it: Ona ete 1 Ae ee Univ. of Edinburgh 
CHGS ON ats OC 0 SRM ee Resa ins tee a0 La, Oa Squibb Inst., New Brunswick, N. J. 
Cromorseuseacmis Uecker este Coll. of Phys. and Surg., N. Y. 
COARBESS ID NL 2 ae eae ee AS eecee ane 2 cr Western Reserve Univ. 
KCarecoryeluonises He .2 >) 2s) ese. Barnard Coll., Columbia Univ. 
(eemeereieye TRB oE!! NAW Ae a ee I fe 2) i Univ. of Calif. 
(Garregneye! Utter nn oa ES SS ee ea Univ. of Texas Med. 
Greisheimer, Esther M.................2.-----:- Woman’s Med. Coll., Philadelphia, Pa. 
CHEM a, Migs! UG nee ali SS erin ea Univ. of Buffalo 
(OLPIETIBELY Ta) est Cy Gl Se aa ares corer eae Univ. of Pa. 
Coie tcobil a AY Gun SSNS Boas ence St. Louis Univ. 
UDG PORDAS AS) cae sce ae ae pr Duke Univ. 
(GSvellincnannly see Cs oS ae ee eS aee Bowman Gray School of Med. 
PSOM OSS) TRIE a I ag Oe te ee State Univ. of Iowa 
CarDeey, |P OU ese ae eae ea W. Penn. Hosp., Pittsburgh 
Coralie, CIE FUG RS ieee a Jefferson Med. Coll. 
ORIEL De LN ae ae ec ee New York Univ. 
(Crave pet, IN, NEMS ASS So UN A Re ce ea ee Penn State Coll. 
‘CRED PLSSTE CES By ones Rehr Sie aa te Northwestern Univ. Med. 
Coane tl nctey (CTH ISS PCG Ie oat oe eee Univ. of Calif. Med. 
(COTTE Eafe cee Cen a A ae Univ. of Colo. 
(horesttiniey, 1Uiye 10h, edhe sare ehe Ay eh Gr, epee ce aa en or ee Gridley, Ill. 
“CHRD NEY SCC) Ca ese a eo oP ee Univ. of Pittsburgh 
Mee TOZ-NOMECL A, NO 228 oe eee coc ecssedieeleets. Univ. of San Marcos, Peru 
“CSTE ONG EES CTS Pe a) 8 se a Presbyterian Hosp., N. Y. 
pny eres YE ch iG 1ST Ie or aih Ne a a San Univ. of Wisconsin 


Lt Se ry EPIL ag aa ee Ne Western Reserve Univ. 
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H*2 earrve yy Best sn oases Soccer sso cee etre ease Med. Coll. of Va. 
Haden, ‘Russell (Lh. te. ee ee ee eee Cleveland Clinic 
Hadley, Phillip 2 oes ee eee care eee W. Penn. Hosp., Pittsburgh 
Hafkesbring, H. Roberta. ......---2-csce---cessesec-te Woman’s Med. Coll., Philadelphia 
Hagan, William ‘Ast hat ect iccot oe censor Cornell Univ. 
Hidios Charlesaey tess os hese eee Research Div. for Chronic Diseases, N. Y. 
Halberstacdten;i.:2. este ee eres eS ee Hebrew Univ., Jerusalem 
Hale: William S Mins eet cae eee State Univ. of Towa 
Halll; Wmest ivi ee i ee ne eee eee Univ. of S. Calif. Med. 
alls (Gee oe ae eee ee Coll. of Phys. and Surg., N. Y. 
bea Pe esc aie ae Oe en Se eee ee New York Univ. 
"Bhai OVS ORS, i ree Oe Re ese Ne ee ee nn Stanford Univ. 
Halpert, Béla 2.0n.22 ee Be eis ue ei nee ane ee Univ. of Oklahoma Med. 
Halsey; Roberti: 2) 23 228 rete iacs a) deere N. Y. Post-Graduate Med. 
Hambourger: (Walter: Hie seas Se ee ee eee Chicago, Ill. 
Hamilton, B. Kio s2 see eee er 0s ae ee eee Chicago, Ill. 
Hammer, (1B. AW coe a ae i Pa a ae Se Towa State Coll. 
Pbamipel sc Go NS, cose ee, ope eee ee ee eee New York Univ. Med. 
Blaney, His Bie ae ae ee Univ. of Oregon Med. 
Hangers. Hiram kevin Mie, eee ee ents ee eee Presbyterian Hosp., N. Y. City 
Hanke Martin (Biy.csctts nee 2 eee Re ee Univ. of Chicago 
|S By olds Bear gd s net Ree ae ee ee Aaa AE RRR cash toh Culion, Philippine Islands 
‘EV annsenis yA vid ea ence cen oe Uniy. of Minn. 
Fl avicsriarin = (Gee cs 2 eee eee Columbia Hosp., Milwaukee, Wis. 
ia ch obs-7) Ol cil he Meena eee Ga ets Ee ase ee Western Reserve Univ. 
Pranzlile IPS os, Sn. ere eee ates eer sc ee Stanford Univ. Med. 
ares TH Let Fics ate eed BE en. le eee eee Pasteur Inst., Paris 
hardy: J: 1.5.5 aces et ae ee eee a) ee Cornell Med. Coll. 
Hare, Kendricks 222. Se oS SS Rs eee. ee ee ‘State Univ. of Iowa 
ELS rica 3,» Ose pe bass. c oles ee 0 a eet a ee Mt. Sinai Hosp., N. Y. 
Plarkins, “bien ry JNiiclck tee ai a ee ee ee Henry Ford Hosp., Detroit 
Flarned: Beni iKe8 2) Se es tig eee Woman’s Med. Coll., Philadelphia 
Plarris!isaag Bs 080 25/5 Xie im eg ee oe Ae eed ae Tuckahoe, N. Y. 
Harris; (Meyer Meas. eo) ee an ee hee N. Y. State Psychiatrie Inst. 
‘Blartish \Walliara® Fiz: 228: 500: Dee eae ie eee Tulane Univ. 
Harrisons RG. h ce Boel Pk ee ae i ars cee ee ee Yale Univ. 
Harrisons TROL Tid © Wisse ese eae ie eo Univ. of Chicago 
Harrop GeorcenAs.Jire.5 2 ene eee ee ree New Brunswick, N. J. 
Harrow Ben jamiitts« <8 eee Seen ke Seni Coll. City of New York 
Harts Wdwine By ee Sek ee et ne ke a ae Univ. of Wisconsin 
Hart. 1Georees ln ss een eae Pa PesS Naas Att Univ. Farm, Davis, Calif. 
Phartvia ni, BA 32. Std 2 cd oon eon Ak ae ee Ohio State Uniy. 
Plaxtmvanieiits Wes. 5.57% 2 Se ee ee aie cee he, ee Ford Hosp., Detroit 
lairvey; Hic Newton: 22: ses: sen sapere eee ee ee ee Princeton Univ. 
Flarvey;, Samnely@e 28 src 5 ee cates ek re Yale Univ. 
Hastings eA: Bards: 0h te comes ort tee neh ees Oe eee Harvard Univ. 
Ha terins, JE; (ORR. sole as ae i eee al NE ever Wayne Univ. 
Hathaway; Wdward ‘8 xe-c.-<2 0210, seeeee ie ie bene ee eee Tulane Univ. 
SE aia ys. Vis Gee See es od alae ee Deen er Audubon, N. J 
Hawk, (Pa Bess Be ots as ck, wl een Cee a ee Miami Beach, Fla 
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TE CEC. el), Ns Jes SE aie. ee ee Western Reserve Univ. 
HayGMOTM M SADOUC) Bese. 222-\.--.3occ--acccencece es Singer Research Lab., Pittsburgh, Pa. 
cRIQELSEIL IN, Dose snsteot dais See gee et a a en ae Univ. of Chicago 
i eecemlynories AN ove 8 1 Rn oe a Syracuse Univ. 
TERE. JE. J) retcencee Ree es eee ee ee eS a a Cornell Univ. Med. 
aletdelpencersn Winch acl fe. oecscoc olde tacect arate neetentee-se Presbyterian Hosp., N. Y. 
Bley loieiaainy,. Lc, Wye ee ee ae a: ee Univ. of Pa. 
TENGIEIVI., occconodacecece Senge a oe er Columbia Univ. 
Elgwalpeo man, JE CIS saree eee ener ee ee Washington Univ. 
TRUS Tales TR. WV caer oheene ese ea ne Western Reserve Univ. 
VELOUEE, (Qe Wut Ss iis Saeed 0 Rs oe New York Univ. 
isle pennant nies INS See pee Sn ee Univ. of Okla. 
Je leiie longer lies itp Ue 0B Si wae neste ee De a Univ. of Wisconsin 
Jetelkenare, (OS Wigs eh ed Pe le ee Indiana Univ. 
inlelhanlaclly,. Valeriieye 105 29 ee ee Mayo Clinic 
lelematineryanyg Nae oe eenena A ee tee Sea), oe Uniy. of Minn. 
TEbSaghiise, 1B IN ee ee ce Univ. of Texas 
Le Lennie. Octo ee Mee a, a Univ. of Pennsylvania 
leleiariel, Micianine sits a ee 8 Sa ee Univ. of Minn. 
lEkorollre, Oy eaill ates eee a eee Northwestern Univ. Med. 
Elierorrmnram me iiets oso tte iE AC John Sealy Hosp., Galveston, Texas 
ie Gers evlel. Tavera 1D oe eae eee te eee) esr es ooo ne a Univ. of Ill. Med. 
ELSI nNe WS NS Ws eee a ee oe Washington Univ. 
invecivmneny, A\ Bh 20 oa) i a St. Louis Uniy. 
TEAOENAGIR.. UNO) Sein gee ee Georgetown Univ. 
LEDESS  AN llli (ere Ca racer ee neo pe ee Georgetown Univ. 
Hopes, VN/ailliteie Nig aie Hamilton Coll. 
iesealiiee, Thy Ch ape ee Uniy. of Chicago 
Telenriti, WBp JN ccececoc econ ree ocak eee or Towa State Coll. 
TElqegameeawiiiat, YY See eee rn Western Reserve Univ. 
Hleswungvars, dfn, (Che see eeinete Lie! Se a are U. de Gand, Belgium 
Slyestioindls WW, cals ee eS oe cetera ic Se Purdue Univ. 
TRU TE Che nae te ee rc Creighton Univ. Med. 
OPOiIL., Tevelivavalt, ING 2 het ene ee ee ee Univ. of Colo. 
Holemsimion, TEL, 1B ss ese SA SS a epee ee Albany Med. Coll. 
fel geesy LET. TMU 3 sae ee I a ee State Univ. of Iowa 
IONUGUERIEH Ry 10). Lis, 2 ee aie sn Wilson Dam, Ala. 
LE lime kelengh, WMilgeniatet 1 Nes a2 ee Carbondale, Il. 
EDIMSB IV: UJ. (Optader andi eee lee ate 0 a A ee Cornell Med. Coll. 
senupelietityy, JEL, UG hae 0 see 1S Oe Dane ae ee ene eh aa Mayo Clinic 
“nasi, (CU i aa a sree ener Sine oe ee Re Rockefeller Foundation 
SEGA LPL 10 sec aes reer a Soe ele need cn se Harvard Univ. 
TETIVCIRC DIO wD EEE TN ee ole er a Ohio State Univ. 
Lhe RUIRS (Ch, GB [e's eee ee rr oe oe a Tuckahoe, N. Y. 
heetdlewavth, (Ce dep scolar a ee i er eee Rockefeller Inst. 
TEC ie, “CEVA ges Dias Sa ei ae Coll.of Phys. and Surg., N. Y. 
TELE yer, Tait DUSS sce cnet ote aS pace aoe er ee Univ. of Pa. 
“Pye everenrae, NC) aR YS) [Soe MR 7) ae ae nO oe ee ee Univ. of Calif. 
CUNO ee, 1, AC Ae older 8 ees 1 ek Uniy. of Rochester 


TE Eayeiopellhy VER IS Oe mene eo Peiping Union Med. Coll. 
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Blofimain SW 1S. Lice 26. i, Sete es ee I eee Chicago Med. 
Hogan, sAMbert- Gu 25 23 es ete asa ee ee eee Univ. of Mo. 
Holel SH GeO cee a ee estes ene 0 eee eee ened Univ. of Nebraska 
Hhollbender pia). ces 2s es erent a ote ee eae ree National Inst. of Health 
Hollander, tBramiklin’. 2202. ee een ea eee ee Mt. Sinai Hosp., N. Y. 
Holm, (George phi eee eee ee ee Dept. Agriculture, Washington, D. C. 
Holman,” Himilich 2.2. nee Ce Ta ae pecs Sree ee eis eee Stanford Univ. 
EPolim airy: Re Mayet 233 phe Se ae es G8 Ts cele eee Univ. of N. Carolina 
olimam,) Wie Tae 1 ey eae ee to Univ. of Toronto 
Holt.) Ts * Bim e tit; se) i cs eee eect oe, > eee emer Sete Johns Hopkins Univ. 
Hooker, ‘Sanford |B je x 25 see ts OA Sheree: 5 erent ae eae Boston Univ. 
Hoplains, . Uist Geared Were 0 ee nears ee Net ney ee rs ee Columbia Univ. 
Horsfiall Bic Uiceo 0 cole: eh ee eee Te ere gee Rockefeller Foundation 
Horsley;.Ji.iSheltons. e227 eee St. Elizabeth’s Hosp., Richmond, Va. 
Hror'witt,; IM" Kiel, 21 ie 82 oS sr ee teen a Elgin, Ill. 
Hoskanist) ‘Walllisinn <M. 5 eae. teen, nos 8 se eh Univ. of Cahf. 
Hou, sb siane-s Ghia ne ee ee ee Lester Inst. of Med. Research, Shanghai 
Floussay,2 Bi Ah.) vies Sree ea po ara ht = ee ee aes Univ. of Buenos Aires 
I & Fan, fe vige os OOM ASE eater ake eh ac 8 2A yy SI neh Johns Hopkins Univ. Med. 
Fdonven Parl: Witsoe 2 on are re aes Dept. Agriculture, Washington, D. C. 
Me Foy clipe Geely yee aetna 2 Meee BL eas eee UN Michael Reese Hosp., Chicago 
Howitt; Béatrice 302614 0b eer errant). eS en ge eel ae Pearl River, N. Y. 
Hoyt Anson PS: ic: eR ae aR arin a kgs eee eee Univ. of S. Calif. 
i Nk One & (A ee Pate bie, Tortie eet et A ee So Peiping Union Med. Coll. 
El, ~ Cay Rete oe Ee OA a Se ES Fat fk eee Peiping Union Med. Coll. 
Ehabbardsahiogerrt S25 208s epee oe ce Moe eer: Buffalo Gen. Hosp. 
Huddlestontt Ora ‘bisa ove Bt een) es EO ers area Univ. of Colo. 
Hudson, (Nv Raul ccs ee er eae, Seeeaieee toa nat eh ate Ohio State Univ. 
TED Ea ae Ocho okie siete tet ea le a co ANU es samen ed Universidad Nacional, Rosario 
fs hateaeah vist Oe) bye o-aak, eae ean a em opens i Meena alate Ola U8 Univ. of Chicago 
Enighes, Rhomas: Pts yee: eae es a en a vere Uganda, E. Africa 
Elum p hitesy ech dic ae ee ea Roa ea Re Univ. of Buffalo 
Piniiseher, SE MAcs sei oo 20 Rs a eee: Se eee toe Western Reserve Univ. 
Hurtade, Wet! S560 ee Mn ae 55S Galina eae Uniy. of San Marcos, Peru 
Hussey;*Raymond:....o5 02 20 SNS oe PR cp tae ah et Baltimore, Md. 
| heii th HELE o 8 Sie, st Sy Bgl South ee Med. Coll. of Va. 

Tneram Walter’ Rite: atc 20 2 aims eee tu) eRe nee State Univ. of Iowa 
Asenyinn, Micpiieeecor hi 71 025 SEA Ones pike A ee a ee ee Univ. of Wisconsin 
Tsitaess Rap baelen 20s cg the Ae acme sacl Une Seo ee OR Chicago, Ill. 
Tisrrys oA mn Clareyy (ia tree: ts aa he, Je eee ha aD ee ne Northwestern Univ. 
A Lee CAEN 2h a AC ART Ue ROAR Se Eee ND cc, Univ. of Cincinnati 

Jackson Richard : Vee esa mee ieee ee U.S. Dept. of Agriculture 
Jacobs, Melony: sR set: ee Ns cele A ese ei on Evanston, Tl. 
PAGODS Wali, DSN eas, Oo ay. we Palen UUs aed rs We te Gea Oglethorpe Univ. 
PET 0) bl Eos ave co a ea hae AA Sy aye Yam eee Vc ol We Univaiok Jar 
Jacobs, Walter: Avie. 2m) Uses ee ae ee eee Ree me eae Rockefeller Inst., N. Y. 
Jafte, Hleniiry [ieee eC are ees eiiee Seka Hosp. for Joint Diseases, N. Y. 


Jalin;. Théodore) Tee: Av se hao ya ree ea ee ee ee State Univ. of Towa 
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Tanimauacto vans WN Gy St) EMI te MR a ee Stanford Univ. 
oI @Boeg, TPMURIF a). (OER BNE ca Se Ae ae ee Univ. of Iowa 
LVSERISE A, LE ESNet TAM jell ee a nn a ee Kalamazoo, Mich. 
polelimes yi, UNS AES eee aE REESE ek SOR Columbia Univ. 
JRun, oly INE Ac RSet Se SR ee Oa ee Vanderbilt Univ. Med. 
oOkmeareT W.wAR se Do AS) Suthers Univ. of Chicago 
ole zis @un, Ci) Gb aa hs aS 8S TS a Jniv. of Utah 
OMe ew Hee teeeincr seca iat ee a Princeton Uniy. 
Boao Ciem eiinyiT Itty eee Reis) PEN ce Univ. of Wisconsin 
HILSON UDR MBSE 2a ee cee el i re Yale Univ. 
UE) Cree taNe (ON Gio oa S AN ISIE elec ee Wayne Univ. Med. 
Rolin iounmianl pdt eee js. ce N. Y. Univ. Med. Coll. 
Jonas, Leon .......... NU tert ny oR Om Pe Re OL, eat Da, Univ. of Pa. 
OMICS em aNIG Aap cake ee eon eae oe Sea. U. S. Dept. of Agri. 
PiOn commInenie ulin atu tae. eee Melee eee eo Northwestern Univ. 
GROSS: 1b, Taso Meo Grain ge) SN M7 VG hea i ag ee St. Louis Univ. 
Monee VELL ete eR oe cn eee Univ. of Va. 
POrGiad aleetd ee. 22 ee Coe oe Barnard Skin and Cancer Hosp., St. Louis, Mo. 
cS OPO Uo VR, Ps Sek ES SORTS ie eNOS IRN eo a ee Harvard Uniy. 
RTUaiA, TUM es TU eel NS ee ec a Beltsville, Md. 
Jintiease: AT LE Lge co RA GIT A Ue ee ee ee Univ. of Calif. 
Julianelle, Louis A. -....-.....--. “clgdeghe wt one eee ee Washington Univ. 
eC nC astern oT eee Coll. of Phys. and Surg., N. Y. 
UP WENEE NE Ie, 1s oe es Be emer ae eee oe Univ. of Connecticut 
kK Morton, (O..2. 2,358 OS 2 alae Cornell Med. Coll., N. Y. 
IROBiNIG, Re, |p Anam RRC cea a Univ. Hosp., Ann Arbor. Mich. 
Mceetronnna(() Were eee ees ees WN As 2 eee Parke, Davis & Co., Detroit 
iscryellin, Ieee Fe ie ee ra ee ee Mt. Zion Hosp., San Francisco 
SADE Live USE RG OTE Ihe Pelee eg a nae Mt. Sinai Hosp., N. Y. 
[arene Taig 1S sue Ue a Ee a Western Reserve Univ. 
VS a vag (OMRUEDE ACL 2 pa ee eT 20 Tulane Univ. 
TRC TiN oc 2 oe) ELIE Se a Michael Reese Hosp., Chicago 
Katzenelbogen, S....... Ac EE SS Ee ae ies Sa a Washington, D. C. 
CROCE posemegahy TPMANISIE) TANG ie Ey, O02 ate eee St. Louis Uniy. 
“Caeiiem, (CHWSSUie [Sci ies eae ite. Rd, Foy 9 i ge Se Boston, Mass. 
ixGert yeni, 1Releeatiy Ve saree ame ie Ue i er i eee aE Univ. of Tl. 
Keiles, Elsa CES 5 SSE 2 Cs, aie ee en ee U.S. Dept. Agri. 
Seri Ge ING ca on TS a Univ. of Wisconsin 
ea, Were JNUUM TaD Et eR 2 Uniy. of Alabama Med. 
HSN, (ERT ieyg ei ee ee Univ. of Georgia Med. 
“oreaFo.), LTE edi AR, A ae ce es cal oe ee ee eee Ohio State Univ. 
mC IT ABS CR ter a Sab LS «Fo a ee a Mayo Clinic, Minn. 
Sarr On eee Ce eee be co Ae oe Douglaston, L. I. 
-POLTSE, NV OTD COPS el 5 Cg Univ. of Calif. Med. 
emer ammo nT) aie ea aae ae. De I oe Univ. of S. Calif. 
oN falar, LGli BS ata Beer ee ae Coll. of Phys. and Surg., N. Y. 
CeCe SRSLeE a aL SM) SI a De ea ree Washington Univ. 
toe, AACE, CNS ee UO a ne Univ. of Minn 
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Raisins J) sAw Ss ee, ie ie ee eee N. Y. Post-Graduate Med. 
Kemdired,, J: Winns ae ee Univ. of Va. 
King, GlarkesiGi.. 20: Sos ees a ee New York City 
Kine’: Helen 1) 522i Se ee ee ee Wistar Inst., Philadelphia 
Kone, Sosa bas We see eee, ree ee Univ. of Minn. 
Kinsella, ‘Ralph Asa: eee eo ee eee oo», St. Louis Univ. 
Korkbride/iMary Bio eee State Dept. of Health, Albany, N. Y. 
‘Kirseli barn, A. 3 ieee eae Ren see ee ee Uniy. of Minn. 
Kisch,. By ca oN) 2b aie a Re, ee a New York City 
Kassin, ‘Malton. 35. 8 eee 0) eee Beth Israel Hosp., N. Y. 
Kiletber, Mai. 423) te A ee ee Univ. of Calif., Davis 
Bileiner, 18:5 the 2 ok ata OR, eee rece N. Y. Med. Coll. 
Kleitmans (Nathaniel: /2 e -eebee | 2 ee, een Univ. of Chicago 
Folialer Ui, Vee ee Hebrew Uniy., Palestine 
Kline, Bs Site eee an eee Mt. Sinai Hosp., Cleveland 
Kiliver;, “Hi 2 tet ee Univ. of Chicago 
Knoefel Pk. 22. = ee Pee ee eee ee Univ. of Louisville 
Knowltons frank Pista ee a. ee ee eee Syracuse Unity. 
Knowlton, GiGi. sn ee ee ane eee State Uniy. of Iowa 
Katudeon, \ Astibrar .i 05 ec ae ee ee ee Albany Med. Coll. 
Kober; Philip: Ap... a eee Se eee Detroit, Mich. 
Kooks Wired, Cpe sce 00 torts Rae eae ne on Uniy. of Chicago 
Keoehter: Allied. Bi:it > vise ese eee -eaiy cl Seeds Sea Santa Barbara Hosp., Calif. 
Kofords (Charles SAy 0%. 22 ee eee. 5 Nee ee Univ. of Calif. 
Kohn Jerome li: 222 coe eee a) Oe eee Mt. Sinai Hosp., N. Y. 
Kolmer® Joh As. eee! 2 se eee es) 2 Je ee ee Univ. of Pa. 
Ko pelofij wNicholas... 240. 20) ee ee ee Psychiatrie Inst., N. Y. 
Koppanyi,? Pheodore - 234 = eee 6 ee Georgetown Univ. Med. 
Kors, “Horace Mae. 2 en ae. Done eee State Univ. of Iowa 
Koper, Stewart: 22.2225 4. 2) 5 enone oes <0 ee ee er Univ. of Chicago 
Roster, Sherry 2.224 ot ee ee Crown Heights Hosp., Brooklyn 
Krountzg «Wis Bite cote eh ee ee Washington Univ. 
Kramer, Benjamincts Sie ee 2 eee Se eee Brooklyn Jewish Hosp. 
Hever: 5. 1): 20s ce ee eee Dept. of Health, Lansing, Mich. 
man 2 eA Oxy cence ee ee ee eee Univ. of Maryland Med. 
Karasno wis iBtrances:.-.2.25 6 eee eo Guggenheim Dental Clinie, N. Y. 
Kericheskyyy Bie. 245. os ea A eee ee ee Univ. of Calif. 
Kemizeneek ys 20) 9.2. 25:5. en ee ee Brno, Czechoslovakia 
Kronteld:\ By Oines. pot 2 Tot ee rere ies Unt ee Saeed Peiping Union Med. Coll. 
Karner ere SANG an ae Re 1k pe ee ce ee eo Univ. of Calif. 
Kernertr, SMS 2 ee 2 Nee eee eee St. Louis Univ. 
Krombhaar,siig Bio 2 ee ee Re oy See ee Univ. of Pa. 
Kruse, “Dheophile i, ey eee ee ee eres Univ. of Pittsburgh 
Kagelmass# 1 Newions 3.2 see se Se ee ee New York City 
Kunde, (Marcaret Mi. es ee Chieago, Ill. 
Keunitz; * Mosesiit os). oe) ec) 2 ae ae Rockefeller Inst., Princeton, N. J. 
Koontz, “Albertiss 2. -4:, 00 dente see oS ieee co 1h ee eae St. Louis Univ. 
Keatotchkinaicds 5 <1. oe) ans oe ee Pearl River, N. Y. 
Kurztok; Raphael: = 2-25 5 et eee eee Coll. of Phys. and Surg., N. Y. 


KuutinertwAsnn . Gio 2.8520 se ee ee See 2 Irvington, N. Y. 
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| tae VW TUI toa {So zs ae oP ae 4 eee Cornell Univ. Med. Coll. 
SLepleie, i Smetatelet UD Se iano Mee ene ee Carnegie Institution 

IO QNEDDBIE G18,  JNGS Se el On Vee Re Rockefeller Foundation 
Jariiiovesonia. LP eeunl TR) Snes ecesl etnee cs eee onan ee Vanderbilt Univ. 
LE avait Aitie, TO TOZe AEP NIN seo te ee ae Los Angeles, Calif. 
HUenace ie) imma ea Ee dS scene Queens Coll., Flushing, N. Y. 
LGN iI CENTRE oe a Psychiatrie Inst., N. Y. 
Leeming, TL, SIM Suites ee Ue CR ee Ce Harvard Univ. 
LETS St Tel IN eos a ac a ee ae Walled Lake, Mich. 
iLevegksivetase, 1eeig 2 oe eee cee eet ae Rockefeller Inst., N. Y. 
De taKersi iret yd elise Df OR Ue UNS See ee eee, ec San Francisco, Calif. 
sbeniinireihs ING NN 4 ee aoe eee Army Medical School 
Deanvigrell, CO LIGME «2a. ei ar Re eee eile ee er Univ. of Oregon 
ID@res@in, Cs dk coal Ne el eee College of the Pacific 
IDemasinii, BRE NO6 ae oe ace OS een Sere! ate eR Temple Univ. 
ID@RS ore. AON ANG SD ae ee eee oe Amityville, L. I. 
Wengert, [ELAS Re Soe Os ie a 2 eee in Med. Coll. of Virginia 
iene SON Re ee Univ. of Minn. 
Ibginesime,, Jaleualioye etc tepe cee apres cee ceo eee Gey Tulane Univ. 
[LeaierererGey, JIO1si i 1 A Ue RI ee Univ. of Calif. 
‘Larisa, (RA COC Oe anit eee Univ. of Louisville 
lgalige, Gh DL. ag Scie ee eee ere es Univ. of Texas Med. 
MBeiicyme) penne eee 28 Ne ee BR es a: Hygienic Lab., Washington, D. C. 
JL NSERC Seen ners ay Johns Hopkins Med. 
ieee, NTE potin <0) epee ee eae a eA Er Harvard Univ. 
LOBES, (CHB iS ee LE aes Sele aire ea pak | a George Washington Univ. 
TL. YBN” Ulan Soccer el Oe Wayne Univ. Med. 
LUGE IWS: Shee ee ae ee ee Montefiore Hosp., N. Y. 
ILeTRVEHIE,, 18). 1B occa ag Ee cr Rio de Janeiro, Brazil 
‘Legere, (Go ISR ote eee ae 2 ee Univ. of Vermont 
UG aeRO, 1S. Ty oncogene see ae los et en Cornell Univ. 
Sco aa Tee, WW GaN Ker oa ee ee ee ee Johns Hopkins Univ. 
Leaps DORIS). A ae ea ee eee Ce Coll. of Phys. and Surg., N. Y. 
Dee atl, (Breit a) Gaia Sc eter ee ca no Alexandria, La. 
CLOTS, WER See ete ee Iowa State Coll. 
Toei, NY DON ee oe eee Montefiore Hosp., N. Y. City 
Denys), eat bya eee ae Beth Israel Hosp., Newark, N. J. 
‘Levan, TPT. as re oe N. Y. State Veterinary Coll. 
TESTES, TRVZV 01a Ceo Ee ee eae ec Michael Reese Hosp., Chicago 
Lenina (SHERRIE 7p eee es te oe Cornell Univ. Med. Coll. 
LLAEMEIANS,, NUGWCIEOP 1B eee cys gine Jo ec Creighton Univ. 
TUDWHURSOTE STOUT ING eae ts Oe Univ. of Til. 
Visto JMO otese sce cope ie ear ne eee N. Y. Univ. Med. Coll. 
“Lier, Ra) Or aN) De eee ee ee Presbyterian Hosp., N. Y. City 
Lappy TE Wop Ryee eG eB sleeps ee ee ee Univ. of Mich. 
orem ren Tne lose eee i Be ee Issa anneal Universidad Nacional, Rosario 
Loti Test) 18 Des ES ee aera Cerne acae Univ. of Nebraska 
Scenes, TR mt EE a en oes Univ. of Colo. 
[Leman Sclet ely Titi eae NS ate ea ae Mt. Sinai Hosp., N. Y. 


Nits LR: COAaS o.oo lp ee eee Peiping Union Med. Coll. 
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ichtenstein?) Lois tee eet Hosp. for Joint Diseases, N. Y. City 
Tasted, | ENS 202 1e bee ee a ae re een Cornell Uniy. 
Titeb, (Cr Gece Fe eee ea ay Ree 
Lillie, Frank R 
Taig, 5 Peal pS ity es, ae a sea ede Univ. of Chieago 
byt rv Vag Gag YORE ies, Dae ecn wM ya PER aed ie Be asl Peiping Union Med. Coll. 
Lim,, Robert Ki... telat es eee Perpin gi UnionnMedaColl 
Limderren: ©; \ Getccce re cace ae a ee AR ee Washington Univ. 
Tuindsley, Doral) TBs 5.oec esate ese ea ace Brown Univ. 
Linégars. CA Ri ee eae ee ees Georgetown Univ. Med. 
Lantons Richard) Wis. et eee Biochem. Research Foundation, Newark, Del. 
Vpn, ‘Charles's a cee) gedaan tes See ee el te ee Univ. of California 
Lajpsehtita, Wiss’. 5 oe ae Rees Ne oe ee Wes eee Santiago, Chile 
Little: Gs Cast Ue Ieee eh 2 ee ee eee eee Bar Harbor, Me. 
Lit}: Shuh=hao 255 eee ee ee ee Peiping Union Med. Coll. 
Lamy Sze b Une Nase ee ce ee ese Peiping Union Med. Coll. 
‘Locke: AvP isos 2 ie ee eee ne W. Pennsylvania Hosp., Pittsburgh 
Toe, * Leo pt bse ae peri epe e ce Oe ace cee ee Washington Univ. 
Hoebs Rober tt Hz ico ae ee ae eee Se eee Presbyterian Hosp., N. Y. City 
Loebel;;, Robert) Ors 2 ae ae oe eG eee a eee Cornell Med. Coll. 
LLoehiwing Wier Bi sccccc: ots tere eee oe he hee 0 Univ. of Iowa 
DGG wii HT RE AA eS oe ho Saget ees este aoe Sata ete ee Detroit, Mich. 
Loewe, ; Sieg tried ssa. 272s. a i eae cee A aoc ate ame ee en New Rochelle, N. Y. 
Ticogrenra VA ee TE ee Bc pee a eee Univ. of Cincinnati 
Tonddnyebe Sis e283 a ee Slee ae Leningrad, U. S. S. R. 
Doone SING ee ee ee ee ee ene eee ee Yale Univ. 
Pi ateghy) OI Rien eee Sp UMN sea een t Sh Sree Henry Phipps Inst., Philadelphia 
Longs Rerrin YE ete ee eee le eee eee Johns Hopkins Hosp. 
Lonecoper Wi: 7D ac 28 cies 70 ee ae | 2 Oe eee ee Johns Hopkins Univ. 
ong wellls BG Baste sa. tee si eee oe race ee Univ. Colorado Med. 
Loorieyge Jie Mss 2 22 eae et ene eee eae Worcester State Hosp., Mass. 
Lorenz,’ Williannl (Hs 2.272 te Ae ee eee co ee em Univ. of Wisconsin 
‘reas: Wall arm: PA eee SB eee ntact de ‘Univ. of Calif. 
Titera Se Paar ede hee Sa rare 8) a ta ele he ee ee Univ. of Calif. 
rock? Jee Mlarray ge) Ue oe ee ee ye cetera em eee aes Stanford Univ. 
Taekcé Balinese eee es hae oe ane eR 5 ec eee ee Univ. of Pa. 
LuekbardtaeAs:. Birt, Gas 0 x00 Mae ee ss Sen ears Leen eee Univ. of Chieago 
Tat COSe1) SV cies 9G oo 2s oo hoe teen eee eae eae Catholic Univ., Santiago, Chile 
‘Ted Wer as HP ss Ae si a ee eet a eee Rosario, Argentina 
amet RIS Cato ee hoe. See eee see Sate ee Ee Pe ae Evanston, Ill 
Taakens3.8), SDS We ee OE EELS ail Soe ee Sea OL Univ. of Pa. 
Tou, oe dic Bee oe SO eS oe eee ee Univ. of Texas 
(itrie Max ike t eo se eee ee Pen eee Henry Phipps Inst., Philadelphia 
Liny 6t,) Bi dicate: £ oe ee Oe er re, eek = 4 eae eae ee St. Louis Univ. 
A Dyisccbe a elas Meher ot Rien is cee en ey eM Ne ete ete Ve oe Ohio State Univ. 
synch | ClaridSea see dee eee Rockefeller Inst., N. Y. City 
Tayorisy Wie RU ee oh Be ee eee ee een ee Univ. of Calif. 
ive ‘Walliams Sct Not ee ee Univ. of Rochester 
Me Gaughan’ J... MES tee she ee eo ee St. Louis Univ. Med. 
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Like GiGSeve Ray aig lip, 1200S ee esc ne Hahnemann Med. Coll. 
iorefE) hina oh, OUNUI, Psa OE gis ae i Cee ie Ee aR Se Univ. of Towa 
CRTC BE UD. SCE 20 cea eave ee eee eee Indiana Univ. 
AVEC Ol nrat MMV sce cee cn sachsen ce nen sae seetansieceancsnntae dts Johns Hopkins Uniy. 
hile Chg, (C/U STo [iis 2 SR le ler dna sae leo LOT on Cee an Boe ee Univ. of Rochester 
IYER ITE 21015 1D) 071 PSE oe ee a ae Cleveland Clinic Foundation 
TOC Tyee evexaN me, 3A ret 8) 0 Sa esas le RS ele ne ee Univ. of Pa. 
JCC DIY atoaete, 18.0512) (3 2 ae eee ee a ore Montreal Neurological Inst. 
EGIUT Keon) ANY c SSR a2 SS peice es eee Se Univ. of Pittsburgh 
ANieiinenaanie © CANON oe eee es lle New York Univ. Med. 
WVLotdntayae ATC Ate eee ert eee Ol Parke, Davis Co. 
WVoManrsis Rnsiineets se ak cel eae Babies Hosp., N. Y. City 
Wetrilranenie) ZN ca ies en eae DS, Univ.’ of Nebraska 
TWIG esc IN Cia cece nS a eee eee nae Fea Bassett Hosp., Cooperstown, N. Y. 
TAU GI ESI EN Z2 KG). DU DOES a ke a Utah State Agri. Coll. 
IN Ee eRe] OY oh ete Can iirc) 5 4 A eae Univ. of Minn. 
Micleamepneamikilinl O57 ea. Vek ee 2 eee Sa lls Univ. of Chicago 
MoeMastent hui iD) face 8 2b ee eke eae Rockefeller Inst., N. Y. City 
PIT te aceon et peed NN (eect eto a A 5 ae tes cceendoeaee Pittsburgh Hosp. 
AU KGON Pe 2 ott, IS Sea Coe aa aa ee eee ae SID Stanford Univ. Med. 
INIA inten teak) “Vf Ao) I Rae eee ee er re mee Uniy. of Minn. 
ein NAS GSR ec Ce ER 8 Peiping Union Med. Coll. 
MaeDowell, E. Carlton................. Exp. Evolution, Cold Spring Harbor, N. Y. 
eave CTH, Ca ee Ren pee 22 ee Calif. Inst. Technology 
TNIV) Oui ND) Ls OE eee ese Hynson, Westeott and Dunning, Baltimore 
THY CEC Dyes 0 fap) (eee ee aa ne Scripps Metabolic Clinic, San Diego, Calif. 
IM Ibvelzesagaes,, CEG ce cel Ree an ge nD De Bie es Johns Hopkins Univ. 
Mackenzie; George Mo....:0.00204 000d Bassett Hosp., Cooperstown, N. Y. 
SLAVE CLAN 12 | pa sa ee ae West Virginia Univ. 
TNDeVE) Saye BuO ee ae Nae Columbia Univ. 
INTERSIL OORVENT CGT A] 2 EUS oi ew AS Oe oe N. Y. Post-Graduate Med. 
Mid Natlemavvaliiarm de) B22 .<222.:).c-tierse-cxcsasssnis-aasoncetapedepactcnere Univ. of N. Carolina 
UI Wonya 8G gece a a ctl ie a oR eens ee is Detroit, Mich. 
orpegaly, 1B Os Seles Omer ee I eS 2 a eee Mayo Clinie 
Magill, 9. -Proscostgeecerect LEY oo 0 Re rena eee Cornell Med. Coll. 
DUEL PYRE G 8 coos ae a ne pe ea Med. Coll. of Va. 
We taren ty (OG eyQve Cor i NAA SUES SR OE Se en oe ee ee Cleveland, O. 
Ci Taeerryry? |, VMTN UG Ci eres eee on el Worcester, Mass. 
iia meta O NOI ee niet les eet ale les Michigan State Coll. 
CUPL ELEVERY, Jy TE A Ss ee a Howard Univ. 
IMU ES Ora SUED 7) SUE N. Y. State Dept. of Health, Albany 
‘NAPA EST ¥o5 Oa ENT 721 0 eee a ae N. Y. State Dept. of Health, Albany 
OUEST, NTR Coo. es sae i i ee les a ee Mayo Clinic 
(2 WUEL LESS EA Poe eae tte stb ee New York City 
CULES SOVIET [Esai aio 0 SA Univ. of Oregon 
HUE OI VET Eos VY a (Ba ae a oe at a mee ee ee Stanford Univ. 
ch toasiecuil, TEVS} cL eV 70 F1 700 SS aed ea eo Syracuse Unty. 
NLS TEE EE eS Montefiore Hosp., N. Y. 
SS ESPACE Do PS ae 2 oe ae oe Re ene oe New York City 
UHL DRSUaVET NG, SES AIOE 2" 2a New York Univ. Med. 
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Marsh,, Gordo... 2255 oh oe ee State Univ. of Iowa 
Marshak, (“ACG LA 2 ee ee Univ. of Calif. 
Marshall, 8: KS Urs 20s eee Johns Hopkins Univ. 
Marshall, Max So..20 2.334 ee ee Univ. of. Calif. 
Marshall) Wadé; H.W... eee Johns Hopkins Univ. 

Martin,, Gi. Jise-foe at ee a es eae ees New York City 
Martian, Baise ce ee ccs 5 ee «Johns Hopkins Univ. 

Martin; S15 ar New York Univ. Med. 

Mason. Ki, Ais: 2S Se ea eee ree Univ. of Rochester 
Master, /Arthar/ Mine ee ees New York City 
Matas, *Radlol pit 2). ee ee eee New Orleans, La. 
Mattall, Hemvy:A 3 Setters nen ee ae oe eee State Univ. of Iowa 
Mayer, Mary Butta ee ea ius, National Inst. of Health, Washington 
Maxey,: Kenneth Hi) aby eek oS ee ee Johns Hopkins Univ. 
Mayerson; Hu S425 oh oe Tulane Univ. 
Maynards -3s: JA) 22: 0 on So ee Cornell Univ. 
Meakins,: Jonathan. 22502. ee ee MeGill Univ. 
Medes; ‘Grace.2:2 ee eee Lankenau Research Inst., Philadelphia 
Medlar, Bi Mic. ee eae Mt. McGregor, N. Y. 
Mock, Walter) 2tee 5 os ee Cee ee Vi ee Univ. of Wisconsin 
Mehl 45.9 Wises... 25 eee ees ee Univ. of So. Calif. 
Melampys RM 32. <= Fe Louisiana State Univ. 
Mellon’ ‘Rial ph R13 i re ee eal! | ee W. Penn. Hosp., Pittsburgh 
Meneely, (Go Rew d ee Ee ae Univ. of Rochester 
Menltin: ° Valy:<sxe.. 22 hh el ae es Sod EE See eee Harvard Med. 

Menten; Mande is. 32 2 ee ol ee ai ees Univ. of Pittsburgh 
Menyilley Leon (e462 ee ee Tulane Univ. 

Moeranze; (0). 1i2. 2 2 te ees Mt. Sinai Hosp., Philadelphia 

Mettiér; Stacy Rae) 23 ee Univ. of Calif. Med. 

Mettler, Aon (#402) 5 eA tee ee Coll. of Phys. and Surg., N. Y. 

Meyer; As 1B oe 2062 SY Det Eee oe eee New York City 
Meyers tA Nien fe Ce ee od So Se Stanford Univ. Med. 

Meyer irl: 250 oe has Aes en ee Coll. of Phys. and Surg., N. Y. 
Moyer, Koil. s 9c Oe ie ee eae eee a Univ. of Calif. 
Meyer. Ov Ounn 5S coer en ea Univ. of Wisconsin 
Meyer, RAK Lote tne ee ee Univ. of Wisconsin 
Michachs 1 conor! = > ee ee Rockefeller Inst. 
Michels wN= A) | nee he Fe ee eee Jefferson Med. 
Middleton, “W3 S.22 2) oS PS ee Univ. of Wisconsin 
Miles. WSR oo. choca Oe ee eh ee ce eC ee Yale Univ. 

Milhorat.A-5U). =... Sone eee Ae ee Cornell Med. Coll. 

Maller: Buches 237 he fe ed oe, ot ee ee ee Univ. of Chicago 

Miller,3G. (Phillip, “Sr: sa5 oe = Ses eee a 2 a Oe ee Univ. of Chicago 

Miller, Ty Keo Be ee ee ee Univ. of Buffalo 
Millers Wis Gliese ens a Pee Coll. of Phys. and Surg., N. Y. 
Miller). W Siee eo Ss Al te es ke ee Univ. of Minn. 
Miller, a Wiraribdin ii, 2s ea te ee Jefferson Med. Coll. 

Miller; Pretlericks Riicet8 2 2a ee ee Univ. of W. Ontario 
Millers (G2 ia 3 20 ee ees Amer. Univ. of Beirut, Syria 
Millet He Ra er cn ee aie Sle ......Montefiore Hosp., N. Y. 


e 


Members’ List (ALPHABETICAL) 295 


A Nese, Mae 2 2 ee Western Reserve Uniy. 
Pulccle'e, ao) Sciich 2ih5” 1B es ol ee New York City 
CHEE, Gre Chie) Ny 8 a Boston City Hosp. 
i lupssee, abot] TD A Rockefeller Inst. 
JCESSIG 1 2\se'1 Cg 9 ae ee Jewish Hosp., Cincinnati 
TuDbee pelle 160, JEL ee. te ee Uniy. of Illinois 
WERE OBI, CRIGISI: TS) cers SMe eee ee Mass. State Coll. 
WEA nen, (OLN Te ees oe ee ee ee se ee Syracuse Univ. 
JLECUSER. LBL. a coseteceee ces cee Sater tae 2 A ee Rahway, N. J. 
ITO CRD, INET Dies ce eae Univ. of Calif. 
TCE OW TEE oe 2 co are near eee Mee ten aa Jefferson Med. Coll. 
WICGIRE., JN [Nba kites renee oe eee ne Uniy. of Oregon 
Wkerores. (Coal ees SNe eee ee ee Univ. of Chicago 
wicpone, (Carell. Mig iii e ere eee tee eh Washington Uniy. 
Univ. of Oregon 

SNIDER, a Se oe ee eee ee Washington Univ. Med. 
Nigutcs-@) tenon tae tei sel BG School of Tropical Med., Puerto Rico 
EDR BM 1D cae ee eee ao ne Ot Univ. of Calf. 
IIGSESEU EY NUS 2 bon a Waa ee en ne ee Calif. Inst. of Technology 
Vike, le Eb 2 etch eet eae ek Behe ee ee Harvard Med. 
Pe Thcase Teh oe eee 2 ee so Shanta necacteecenenseenees Havana, Cuba 
HLONeUS, TRLENCON GL Ne ce ic ac errs ne cl National Cancer Inst. 
SMLDES Gy) MERITS SNS 2 Ba ee A age New Haven Hosp. 
Wubersitgrel, Xap ata] [ Seca eaehes ee faceless eee te Univ. of Rochester Med. 
Tue alk NWS cscs icra, 2 pee ee ea ee ee Se Peiping Union Med. Coll. 
Libng Ceti), lhe Sie Seen ce eas N. Y. City Bd. of Health 
UM hg, SUPE ooo. 2 5 ene eerie Oe yr rr re Univ. of Pa. 
ibe in ngreier iC), VN Geceheeeeeaeteee ee et er Hast Lansing, Mich. 
PETS. CUIETES Seg 1B KG ny A200 eee ee ee Sie rad see Harvard Univ. 
Mulinos, M. G.............- Vette ac Coll. of Phys. and Surg., N. Y. 
NUSENIL, Ga, UN ced phaser e ea im a ane een Be Western Reserve Univ. 
Gh oes, TET, Ola. in ele Carnegie Inst. of Washington 
culilien., TRE iOCOS: Gla eels eee ee ae Uniy. of Chicago 
“10155 pee Univ. of Rochester Med. 
Uru ANS LORS, TUES 0 1a eae Western Reserve Uniy. 
UORITER, POON LR SSO ee Ren nO Univ. of Rochester 
VOGT LON EDV: cd coe ae a gee eo Univ. of Pennsylvania 
OORETOIOS?, lly TBs checernesGec- Rese set ene Ese Rockefeller Inst. 
ph opeciodinis, MNOS NS IES ae Sa ee eee Rutgers Univ. 
copegalr JOIN 1S 1 ySes.ieeae gy 22 nee ee Bae a Tulane Univ. 
Dn 2S. Del MOR are BCR ee es Univ. of Montevideo 
conve, (CUAGSIVET TN ey 22 sad renee ae Columbia Univ. 
LOE, VES R OT CL ee ae Western Reserve Univ. 
nee ay BESS Se ene oat ep N. Y. Univ. Med. 
iS eT SSDS SUT dB gt 3 9-16 ens ea a Tulane Univ. 
LE SS D]R. TL ML eee Soe he ee ee Harvard Univ. 
PUD eynesntr, Vyas 2 [RI ee 2 Los Angeles, Calif. 
OS eycunroci, [EIS Ne IR ee ie 9 ee Brooklyn, N. Y. 


VEE NORE 8 Te SERS soe ke Michael Reese Hosp., Chicago 
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Nedzeli: Ag: Sos is 2 ree eo Univ. of Illinois Med. 
Neill, Big! Mae oa Te 2 i a i ee ee Se Cornell Med. Coll. 
Nelson, Filmer, Mei 330 2B io ce eee U. S. Dept. of Agriculture 
Nelson, Wirwinib; 52. Se Ok 1 in Rule, ees Gre ee ere Tulane Univ. 
Nelson, Dhurlow iC esc ie e zoe Rutgers Univ. 
Nelson} Victor tEs\..227 22 hw ot ee MR oe si Es Iowa State Coll. 
Nulson: Wi; (Oe ee (beans io. Jolt ON ORR AAD Wayne Univ. 
Neter, -Hirwit28 5 200. ee ee, te eae omar Univ. of Buffalo 
Neuwirth,\ Bsade. 26 ees OG ae eee een New York Univ. 
Newburgh, (Louis Gio s {ee ee ee eee Univ. of Mich. 
Newman; Henry (Wii eee Sot a ee a eee Stanford Univ. Med. 
Ni). Isang eo see ee a eee Lester Inst., Shanghai, China 
Nace, Tas Bs pico io ete A oh Ld EN eral ee Chiendey Til. 
Nicholdsy (diS.0 0 eek ee ee ee as ee ORS Ae gene ne oe Yale Univ. 
Niteholls,  Higaibas He 35 seca eee eae er rn ee Der eae cere Oe Danville, Pa. 
Nichols Mo. Sie sie et ee eh ae ee ees Univ. of Wisconsin 
Nicholson, “Hayden \Ci21 5 Pg Rage en ae eh eee ee Univ. of Mich. 
Niieoletis/ By ae be eet RE ees Ae kes U. S. Dept. of Agriculture 
Nielson, Coat bees eo Se ee a a See tN ree Abbott Laboratories, Chicago 
Nowtis! WarlAi.5 "> see ee eee ee 202) ee oe Univ. of Wash. 
Norris, Wi, G2 a2 5s ele Steet ies Oe ee yee Cornell Univ. 
Northrop; {Jolin iste) 2. ot ees aie eee os Rockefeller Inst., Princeton, N. J. 
Nortons Jie Bete ee a. Soe Upjohn Co., Kalamazoo, Mich. 
Novak: Mc Nip eh Oo oc setae ee oe 2s EE ea ee Univ. Illinois Med. 
Novy, Mrederiek: (Gio see eso aT8S Eee ee Ae Univ. of Mich. 
Numgester): Wes Jetb ee 8 eS ce A tek a ae Univ. of Mich. 
Nyce (Beas oe 2 ove UO ot aero oe Boston City Hosp. 
breshko ves Viasils sci... Li eS 2 ee ae eterna ee Bard Coll. 
Ochsner} JS) WecAbs fees ee ae: Se ce a ee ee Tulane Univ. 
Oertel)2 Prorst 220 fa Ee Oh EY aah a eee McGill Univ. 
Oceshing >Re Bus et ee Wr a ee. Us, INURL a a a re peace PE) Chicago, Ill. 
Ogden, Bathe ge eel ie i LU aay eae ed 22 Ae ae Univ. of Calif. 
Okey; Roth “Bigeh £. to ae ee ad 2 os le ee ee Univ. of Calif. 
QOldibere ss Wri Gy ee, Tee tame ea Oe Univ. of Illinois Med. 
Oeary ade las pee ec eae ee Washington Univ. 
Olitskey. Peter, Kiss oe eects 1 ae eee eee Rockefeller Inst., N. Y. City 
(OHVs i I eee eo ce eae eee ee ee art Oe Long Island Coll., Brooklyn 
Oliver, Wie cs RA 0a Ae Ca RN ee Pe Long Island Coll. of Med. 
Olmstead: SMiriiim P12 cee eee ee Le Presbyterian Hosp., N. Y. City 
Olmsted): UME DS Be A A Mis are Univ. of Calif. 
Ollmaste des Woe EA ts 2 5 I a UN LER ee ed SE Washington Univ. 
Opie). Hum@ened ee... well te De ied Ue. te ene Cee Rockefeller Inst. 
Oppenheimer, NBreo 2 De yas Uy eee ee eae eee Columbia Univ. 
OTTAS, (OSGAT,S eee = = See te ee ee Universidad Nacional, Cordoba 
Ornstein GeorvekG.- 2. \55 8 es ee ee ee eee Columbia Uniy. 
Orten, Samer? Wea... i.240 72 Rens ek ee Wayne Univ. 
Oseood,. Bio ee 28 oe BA er Aa ee ee ee ee Ce Univ. of Oregon Med. 
OsterhoutsS Wegels” Vik soto Sas ee ie eee oe A ol Ree Rockefeller Inst. 


Ottentbers) Rise ae, Ge tA ne, 2 ea ee Mt. Sinai Hosp., N. Y. 
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ES ME SOE IG NIE ORD eR Se eT Yale Univ. 
Woman gewAtimen dae. ee ee Rio de Janeiro, Brazil 
Pp Cheorneys SE 50 a URSA AS Be ee nee Memorial Hosp., N. Y. 
Ips, 1H. UW La 2 SE ee ia Me Nn Univ. of Calif. 
“ESI Pleaingte JE A so cn Indianapolis, Ind. 
facie rabies eee! es Lester Inst. Med. Research, Shanghai 
“Pen bene, [ere oy? RS a Seo NOR ee nc Univ. of Minn. 
PP RLATDIP, WV, VO ses 5 Soe © SNS a 2 ae ne te oa ee Univ. of Chicago 
PEASE TIM MV pects eee eA NS age Presbyterian Hosp., N. Y. 
PA MMe AMTICO es Nite! Aco cae one seono ae gio ecg evan ttc woe Cornell Univ. Med. Coll. 
pappemiaeimers: Ave Mie) oe Coll. of Phys. and Surg., N. Y. 
PEP OVgYevnlITS HeaerOVUAN Eas Feb peoee emus eS ee a New York Univ. Med. 
aCe mers SOHM (he .cccc. fesse cle eee ace ac wteteesce Univ. of Pennsylvania 
JecsB Ales Tidig “VENG, * atuI D Ne a ie ea OS 8 0 EE Johns Hopkins Uniy. 
TotW’ sf, 110) CeXal SPORE pe en mene ee tee See (Th) Boston City Hosp. 
iPrilaa | (Ckoeraaae SATs ORR EWG Sele 00 Harvard Univ. 
Re cichcensmnt ieee teens, ht tet (OF AN Ss ho al Western Reserve Univ. 
Lengo’ ole, “NG RST eo eS SAU ne rete it che orc ee George Washington Univ. 
Piresoycey Ted Ae eres eee ere Univ. of Wisconsin 
PAS ouIcIe” 1G. TO aesed Rae gS RS oe SY Jefferson Med. Coll. 
TE piadees ou UOTE DRESS ee ae) he a Wayne Univ. 
j2seiv la Wir Die tas] 0 hem Une Ome ne el Rae te) te ae State Univ. of Iowa 
Teehuaere le INT Ns 8 aR eS Se ee L. I. Coll. Med. 
iSesmeeee, LLGY Se eS oe eS SC i eR te a Rockefeller Inst. 
IEC eS Uh aly Uh 1 Bee Ue ease ae a yee ay ane) nee Agri. & Mech. Coll., Texas 
IP Ae tse, TALS) nye 0 Cee ees 2 ee N. Y. Post-Graduate Med. 
TPAC rel SU hs PS oe ea See ner ae Mt. Sinai Hosp., N. Y. 
“Pell tii, TSU) 3] Moe ae Coconut Grove, Fla. 
Reanamennomsitwal bese 25 eo Memorial Hosp., Abington, Pa. 
Loan suiiag Hie lea 1 ee nS EE eerie Eee Kentfield, Calif. 
[Prey tee ikehy NNUAL teva G 2 SS SS ne ne 0 la a a eee McGill Univ. 
ptjome, (Dh Tei Tees eye I a Univ. of Pa. 
Pein le yeas VNC NTO eS SRD 5 ec Duke Univ. 
IP suceeiiiny: 1s oy Ap0 Del Ieee ena eee eke ese eee Re Mercy Hosp., Pittsburgh 
likes, spirally 16 ip. 5 ease S00 a KIS Se nn en eee a ee Univ. of Calif. 
Res INCOMES SUIIIUCN ©. 25 oath. oesedo oe sauh oes Ramen emia SSE fn: 2 aera ay Cleveland, O. 
SORIREOTSL, GIG) eay LA ee SS eee Oe oa eee Yale Univ. 
LOD REreS ena, VW, LS 2 ae A ie os ee a Univ. of Minn. 
LeCeers idly. HMiy TRE 2a RENTS SRS NSE OS aR mene SEES eee a ae Univ. of Wise. 
TH EVGOD EL pS 7s a OO Seaview Hosp., Staten Island 
OC Teseeveye) (Ci UNG oe 2 PANS oS hi A Bn Ee Yale Univ. 
“eerie (ON, TO OP es Ee ee ne eee ee Detroit, Mich. 
VIDOE PEE “ey RUA NRS ISS SEN Bo eee Johns Hopkins Univ. 
ATE OCS) we aie v sk ce ee NE Oe Parke, Davis and Co., Detroit 
corns ieee, 1) 24 SERIA Ae a Oe Oe Se ec Univ. of Chicago 
CP uihetc 12 VE ica MS ee chop aa Cee Na ee Univ. of Wise. 
CPTI Esse TRO) OE En WPS aga et ee eR Ne ete Rockefeller Inst. 
DAES ESRD St SION Be ne re Soe VO ee oe ee Mt. Sinai Hosp., N. Y. 
vorcdiee ls) TEL (GR MA SR ir Se AS a Rockefeller Foundation 
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Pienee,; dl arold Bi. 25-2. 5st eee es Univ. of Vermont 
Pilot Te tee ae er Oe eee Univ. of Illinois Med. 
Pinkerton: Henrys oO ee ee ee St. Louis, Mo. 
Pinkstoriy dq: Ois 22 as. ae eh rae eRe ee National Inst. of Health 
Pinrier,.. Max. 05 ok ees ag ed SL ee ee eee Bedford Hills, N. Y. 
Pi- Safer, -Al wy et AN ee 3 Bde te ee Inst. of Exp. Med., Caracas 
Pittman) Maroarete: seas ere ee Nat. Inst. of Health, Bethesda, Md. 
Piass, Bh. Di ee te ee ee Se ee Univ. of Iowa 
Plota, Eisrry i525 oe eee en eee cot ee ee een Army Medical School 
Phammer, NG.22.5 5345 2 es Be A ee Cornell Univ. Med. 
Poe; Charles (Hy 52252. os re Rs le ale New Orleans, La. 
Pohinan; (AngustisiGe oe Wee | ee eee Los Angeles, Calif. 
Polkaek, > Bie ee oe ee een eR Cornell Univ. Med. 
Pollock, Ta, AR sacs pee Se ees LY tn oe ye es Northwestern Univ. 
Pomerat, Cp Wii: Gye ae ee os et he kn ee Univ. of Miami 
Pondér;; Brie 4, 20 cetk aia.) eso eh Se ee el Mineola, L. I. 
Poppex,, "Hans...24 2 ee ee ae 2 8 2 oc Univ. of Illinois Med. 
Popper, Hirata b Se eee eee oe ai ae eno Michael Reese Hosp., Chicago 
Powell, El. Mae— ors eee See et ee Eli Lilly and Co., Indianapolis 
Powers,: Grower: Hi: Se ee ee See a ee ee Yale Univ. 
Pratt; Wrederiek: Hie. 28 7 e252 62 oe. ee ee Boston Univ. 
Pratt, ‘dosepl. <4... ea nD a. ea ee ee Tufts Med. 
Proescher Weia22 os BO aoe ae Te ee ee San José, Calif. 
Puesiow, CNB. 8 eee ee ee Univ. of Illinois Med. 
Putnam (iracvs dos er ides Or... Ae See eee Columbia Univ. 
6 ei Armand 2d 2A. 2.2 ete aie 5 eee Milwaukee, Wis. 

Quigley, J: (Pic. Sie ee ee Westerns hesenmem\iean 
Qtunby; We Ces ae el os Se oa Peter Bent Brigham Hosp. 
R=» da ‘Kranss2 3210-2. eel oS Ee ee ee Univ. of Chicago 

RahnitQ 0.52220 ei oe a eed ee Cornell Univ. 
Raiziss, (George Wieie. .- 3 aes ee Inst. Cutaneous Med., Philadelphia 
‘Rake: .Geotkrey? Wiice:202 SA eee ee, a eee New Brunswick, N. J. 
‘Raksetens MT ke ee Ab. ag ee ae se de Long Island Coll. of Med. 
Rall, BlaineyPs....,.0) es ee ee ee Se N. Y. Univ. Med. Coll. 
Rammelkamp, Charles H......................------ Massachusetts Mem. Hosp., Boston 
Rapport, David). 22.0 J) = ket ag eee ee eee Tufts Coll. Med. 
Rasmussens# As) Dy. 6 en Sse) ete er coer Univ. of Minn. 
Ratner Breter> 6 \ i 2 a0 ieee BA ee eee, N. Y. Univ. Med. Coll. 
Ravdins T1825 cets 22 oe Sy re) Pe ok Univ. of Pa. 
Ray; ‘GA Benes Aye, Si eed ee, Sana Long Island Coll. of Med. 
Rays Elenrys Mis yo ao Ea he a oe ee S. Side Hosp., Pittsburgh 
Read, Bernard! ghee 1) jee e en eh eat Lester Inst., Shanghai, China 
Read, Ji’ Marion: - 2 60 es oo ania ee eee Stanford Univ. Med. 
Reece, (RE Pie cag Ahk 2 ee pen UN Rutgers Coll. 
Reeds ‘Carlostites...... Nas Se eee eee eee Univ. of Illinois Med. 
Reedy Gr Bie oo. 23) ede eee ees eee Queen’s Univ., Ontario 
Reichert, Be yaa, 2k a re Stanford Uniy. 


Reimann: Hobante-As 2) 202 oe. 2 ee eee Jefferson Med.. Coll. 
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Rup iendw ails (Silanallesiy: TES: Sc aS ee nS Univ. of Pa. 
LEDGE, Wie S enone eae aa ee a Belleville, N. J. 
Lepvik@LGIS), | (CL oR hele ne ne Louisiana State Univ. 
(ERS, Sh, Bis 10) (So Carnegie Inst. of Washington 
Remmnlleones “TE vanll 5 see nee a ee Cornell Univ. Med. Coll. 
Li areole!s, (C2CTTONS) HT DSi 2 Sea a Memorial Hosp., N. Y. 
Ines), TEiaN ie IS). cbse astee a eee eee Pee Northwestern Univ. 
TENE oL sem oGl. TRY oS Se ee 8 er a Johns Hopkins Univ. 
oioleesr a, ANTM ay6 INS UE IR ea a en ee eA Univ. of Pa. 
Iiiceloeneslst: “(GIS orb oS fae. eae Oe oe a Buffalo, N. Y. 
TRULEIESDIG IG "TR, TRC Ie sn oP ee a Chicago, Ill. 
TRWCLOG RPS Vil J. TRADE N peaie ok onc MR Be ae se ea Univ. of Tenn. 
Nilay ase Orns” IR Ei Renal Ger anne eee Nee foe ee Univ. of Pa. 
TRHOIN ane: (Ch 12s 2A nee ce beer ae Ne ae ee Johns Hopkins Hosp. 
LEEGIOy IUGR CUP. AR 62 ee le Ee Ee ee N. Y. Post-Graduate Med. 

IRMGRS INES, Laven; We MOM ALS Rene anne oi let ee ee Univ. of Chicago 
Riddle w Oscar sr eerie oe Fk) Exp. Evolution, Cold Spring Harbor, N. Y. 

iRugelor. 15h 4 A eee ee Univ. of Tenn. 

UNAS OT, GI BueRSS TI eke Maeno a oor ne ee Univ. of Calif. 
Tneneeeue, aN Ovel yal Lee Soe eae ge ee ne Montefiore Hosp., N. Y. 
UR aw@irss, » TMP veire SUI I Stee ee a Rockefeller Inst. 
“ic La n/t (GI Te Ea Mie pee Syraeuse Univ. 
ICUD@IRIS, LBIONVENE ao tO EE ee Re Be a Univ. of Il. 
ISG Ger, 1: 1G a ae ee le BUR corte. we Chieago Med. 
TE @AyencinsCehiay, UALA2) 0v5) 1 sk One eee os ee Univ. of Toronto 
ive nadigoia, (Qenyelih 16 if eee aan en Univ. of Chicago 
[Replowmsoial, (Ciara Sky 2 enema eeene 2 Se i Vanderbilt Unity. 
TROLOEAS OI, TON ii see eaten ag OI ee Washington; D. C. 
TROGIR, © SUNS ES ee ee ea Sao Paulo, Brazil 
Sarr OST ammiliemrere st Soe ee aie a George Washington Univ. 
voseirs, Unreal (0s corp eee ere nae en Baylor Univ. 
TREO) ly ING. La cee ee een BO Univ. of Pittsburgh 
LNG L0VG/ 2) a ov ear 7210 rea al be Ce Lenox Hill Hosp., N. Y. 
SRD Pay Era IE, NGS SIS) ice a0) eM ie me Se Cornell Univ. - 
TEx ovevaop anil, Ei CYS Le se a Washington Uniy. 
VPOYORNECE. Shy, UR S-ecceec eee A London, Ont. 
vhbei,, We 2. a 0S ee Coll. of Phys. and Surg. 
JvegPiniti, Tetapll 1D i te hace pete! a ose eta ae eee Yale Univ. 
J Oss Jeri ea fe oe Prudential Life Insurance Co., Newark, N. J. 

creep, VV URe in Ch ct rescnat sa a ene ee 2 at Se aR en Univ. of Til. 
SeDSPOVELy SEEWCEO YE) Cie SMa ee Se SEE Montefiore Hosp., N. Y. 

coopeevarayi, LDS CGS oS Mayo Foundation 
SSS 00 GEE LO BYE) 2 Israel-Zion Hosp., Brooklyn, N. Y. 

von ep Niall, 1S) 1 RAL oes ene ae le ce a re Univ. of Illinois Med. 

JE 08%, WICOHOVE ae, Ce een ek ee son Fe Coll. of Phys. and Surg., N. Y. 
TROD. “Crp arayeh 8) Re Saas hes See ee! 2 George Washington Univ. 
ii, Pitta UP RS Se eee ee eee ee Rockefeller Inst. 
“Raye osiiatey,, 1S). PAREN aes Se a) a ea New York Univ. Med. 

LEVEY ago SL: ipa G eee ae ee Philadelphia Inst. for Med. Research 


CAUSES raiee | 183; US a ae Michael Reese Hosp., Chicago 
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Fiabim, Monto sAcr tee a cre eee Se ore meee Worcester State Hosp., Mass. 
Rabin s So, Fs a ee pe 2 es eee ee ear ee Nutley, N. J. 
Rubinstein, oii sym tara ys cenit see es ee ere a eee a ree Mt. Sinai Hosp., Baltimore 
Ruch, Roberts) 55020 ne ie ee ee a ee es Wash. Sq. Coll., N. Y. 
Rulon, Qlingiai. Mitek Bete ee he Wayne Univ. 
Rusehy: Ab Pe aos eee eee a ee et be ..Univ. of Wise. 
Russell, Why Giese eer ecient Seek Oe we ee eee N. J. Agr. Exp. Station 
Rytand,), Ds Aye eS aS eee eee caae Stanford Univ. 
Se Alberti itviit): 22 2) ae seeing Boe 3) ce eee ern eee Univ. of Cincinnati 

Sacks,! Jacobs. eet Se are 2 ve a eee se Univ. of Mich, 
Sabyumn,* Melyilles S10 ec ieee ae ot dk Ca hy Se LS Seer ee ee ee Detroit, Mich. 
Salant. | Wolliraien: & 2 pee es ie SRN Pee eS Ro ee ee New York City 
Salle, JA) Jikeclie ke ee Oe a aan ok Ah eae Se cee ee ae Univ. of Calif. 
Salmiony Wadiieesos se eae ge, eee eed Mt. Sinai Hosp., N. Y. City 
Salton, < Wie Dio.) oo: ee ne ore a) 2a VS Ln es a Yale Univ. 
Salveson;) Harold Avs: sees siescretee ot ee ene Rikshospitalet, Oslo, Norway 
Sampson). Volt chek A ieee eek ee sea Univ. of Calif. 
Samuels di..T tg Se teh ee ee ee EE, Pee ee eee Univ. of Minn. 
Sanders: Murray eect seas searing. serene Coll. of Phys. and Surg., N. Y. 
Sambtord, tA. s Vek e Ay & Sie Es Bass oer ee te a Seen cae Mayo Clinie 
SAMS Ter ON Mu) see eres caer ee Santa Barbara Cottage Hosp., Calif. 
Satterfield ACK Veco ot le ee ge ae ete Nee N. Carolina State Coll. 
Swanidergs els 55 Ae WR aap Ree Cee ee La Jolla, Calif. 
Sawyer Wik Ade 2 She Ee eek eet es) Gon rege Rockefeller Foundation 
Sayles Si he 2 oo. ee ee eee ee ST eee ee College City of N. Y. 
Scammone Ri es cook nt here Pe eee | Ue ts ec ee eer Univ. of Minn. 
Schattenbe rey Elis. ct. sas Cee a ee ee el San Antonio, Texas 
Scheeh tmamg A Age Sele ah ee ete ee Univ. of Calif., L. A. 
Scheff; (Georgenat-.. 2x5 es in eee |e a ae at Yale Univ. 
chick. Bélacwe. te Nele te Rie er aa Ae ne ea Mt. Sinai Hosp., N. Y. City 
Schlesinger. Miri ttes | Mee Came me cel ek eee Beth Israel Hosp., Boston 
Schloss, \Osear Miatte e aee soe eu eee ae Cornell Univ. Med. Coll. 
SohlutbarcB a gW ss sas 2a Ne ie eae ee eek oe al ek he Univ. of Chicago 
Sehimindt? Gain) Re ee SE a Univ. of Pa. 
Sehr tral A es Acie Oa A atl es aaa Re Univ. of Calif. 
Siehmnidé, 9106 TH snes oases Mapas, pea Sea Se asa hay eh od Univ. of Cincinnati 
SchimittaTraneis \O2 ee oe wae oe ey eee Jee eee Mass. Inst. Technology 
Sehneidersy Wdiwatd Geko 0 Wee a ee ee Wesleyan Univ. 
Schooléy.\ Ii Poy ee Re Aa eal cs ot Ae Detroit, Mich. 
Schour, ) Isaacesn a0 8 eee eee ee eae Univ. of Ill. Dental Coll. 
Sehullitz; Be W ices eee weet 2 Stanford Univ. 
Selanaliz,* MS Picea wees. Ree aa. se Ca Raa 1) eee Tea Nat. Inst. of Health 
Schultz: Ox shee ese, NR on ae eae eek ee St. Francis Hosp., Evanston, Il. 
Schwartz, Beni amin, pede Wid Ny carve ease eer Lae eee U. S. Dept. of Agr. 
Schiwwind;) J Gis ee bs ok eo ees eee at En eee een Albany Med. Coll. 
Scott RY ED eee oe ie ae BAA ig Ped oF) fener Univ. of Minn. 
Scott; Gordon Geass 08-06 eee ice etine ett) ee nine ee Univ. of So. Calif. 
Seatt!, Leonard One. seul esa a ieee re eee ee ee eee Tulane Univ. 
Scott, Ric Wie Sgseee ou he Se see hee eee Western Reserve Univ. 
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Seu Ey cleo ni Ws. Sia Rahway, N. J. 
SSE Tb 1D: oc a ae sa a Univ. of Tenn. 
SBM TELS Uiscaos cocker aac ee ee een Univ. of Oregon 
Seeesicoeks, (Cinicivel Cassy N/a eo Univ. of Wise. 
SHOEOLE, Leica ip Pe epee na New York City 
SERBIA C0 <n Coll. of Phys. and Surg., N. Y. 
cecal anid eei see Research Div. of Chronic Diseases, N. Y. City 
See eS WN TEL ee ge els ae oS ee Detroit, Mich. 
eepayce res) INS IE Lea 28 Co Ge SU RS RO se a eS Univ. of Mich. 
cimerrnmlorence; ists ns Sk Henry Phipps Inst., Philadelphia 
Se Me ANRC EN So i a ee ene a Univ. of Texas 
SUES: LEANER a SN Ae OS De ee er McGill Univ. 
HOM OpemehILiiis te) mene Os ae eh Saeed ecealeee Loyola Univ. 
Devormmontanis, oA Hs ek a ew 2 Coll. of Phys. and Surg., N. Y. 
SIS prlineinanees Ohi: Dike elec owe ene ns oe Univ. of Wise. 
ppb ann“ Crayorn yn Og ae Nk Soe Stanford Univ. 
‘Sheemitheis [Palins JNA Sie aS ee Cd ee Washington Uniy. 
pied ce apa (Ob stare meet Ol, cowie Ll We ce epee St. Louis Univ. 
Sine vacant, Alb ah Ble Gane Deir eee ho Na ee Welfare Hosp., N. Y. 
HELIER Oh @a)yl 1 Leal OY c5 ce eae eR fe Oe a Hahnemann Med. Coll. 
reine DI Ue 00 aie son i ee ee Roosevelt Hosp., N. Y. City 
Sinaimy Wey LAS Tne ee OE ee a ee Cornell Univ. 
SUE TEL NSS, “Le ele (eee aan Sk bes ee a Ill. Dept. Public Health 
MOS TUTE ARDS SU AS) Univ. of S. Dakota 
Dteanme aud meee Fe a a A a Nat. Cancer Inst., Bethesda, Md. 
suena, (Olina less, <5 oes oy CS a, en a Mayo Clinie 
lie stig Ue Ue et Sears el ees Oe Chicago Med. 
tyeo tana TB La (Cl Os Ie ase 2O ec a Columbia Univ. 
flaumaama wiv arpleyinBs, 20 2 sec. tse ius lachac tae cosases Bureau of Science, Manila, P. I. 
nooU LS TREMEVET OD)” IPE CVE) 40 11 (2A a Ss zee oe Cornell Univ. 
SUI evan NOU LITA 8 Be ae ee 0022 New York City 
wah ray, (Cbd) TB os gaa le aE ka a a Fordham Univ. 
SE. Diy, (Cereal Sip Se sae aS) SS 2 ae a Cleveland, O. 
SUN Perlis W150 25 7 i laa National Cancer Inst. 
SOLD). by Bs bs ye ee eR a W. Penn. Hosp., Pittsburgh 
Paiaital mma mince. petra A Comers se eo ee a ke. Univ. of Detroit 
Slariollesy, Lickers Iw NRG A te ele Western Reserve Univ. 
SURG, UNL ie U. S. Publie Health Service 
Suhail JAIN BieG. Mi 2 oe UD GE oa le Harvard Univ. 
SLO hy LRG, ol eels oe ae ST Rockefeller Inst., Princeton, N. J. 
SUMO TY OL Ae RN 0 et Ene ele Coll. of Phys. and Surg. 
SO SEDI az CRED aE iTEC0S eb ay 2 ee fe RE ee Mt. Sinai Hosp., N. Y. 
oon Pukefhenee) 181, cP ia Be eo ee Univ. of Hawaii 
Peron TAC ENS wate F Se N. Y. State Dept. of Health 
SULLY Lae ae NEG Wel ia ee New York Univ. Med. Coll. 
2 Chet tee. TD)S 5 a ees ute Re a ee an Tulane Univ. 
Simmons, James S..........2-..-...... Office of Surgeon General, Washington, D. C. 
Sheree emule, oe TES SoU RUE 0 ee ne Northwestern Univ. 
Sree) 0) MITC CTs Jee a ae ee ac Univ. of California 


RESTING ort cennakcnceutcandecenst Queens Univ., Canada 
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Slaughter "Donald 2:328 ose ee aaa ee ee epee ee Univ. of Vermont 
Smiadel, (02 Bi. se ee oe ee eae ee Le ee eee ee Rockefeller Inst. 
Sinelsers (Ge Kg See see ee ee eek eee Coll. of Phys. and Surg., N. Y. 
Smeétana,* Hans... 3 Oe ee ee ee Columbia Univ. 
Smith, Arthur WH catch ee Be ee ee WN cre WU 
Smith; Canks Ages... oe See eas es sre eee Cornell Med. Coll. 
Smith; | Clatencersssses atte se ws a eee eee ee Bergenfield, N. J. 
Smith, David) T.. .\. 6 eee ee I a ee eee Duke Univ. 
Smith, WiremacAG 22a eee ete a Ts ina eee Iowa State Coll. 
Suavthy Wired’ Mie 0 NI ee ee ee Univ. of Iowa 
Sinithsi George Vie ee ee eee go Hosp. for Women, Brookline, Mass. 
Smuibhy airy Pass eee eed es ee State Univ. of Iowa 
Smithy: Homer Wis ee ee ee ae a N. Y. Univ. Med. Coll. 
Smith; ‘Tawrence s Wise eee ne ee Temple Univ., Philadelphia 
Smith,-Maurive 1. ss. ee ee National Inst. of Health, Washington 
Smith, ‘Mallard: o.oo ees se eee a eee Deen Boston, Mass. 
Smith; ‘Pauli sy. See Ss eat ee ee eee Yale Univ. 
Smith). Palle We e  e  ee eee Uniy. of Oklahoma 
Smiths .Philip diy) oe x eee cree | 2 Oe eee Columbia Univ. 
Smmithbnim SK Os. 5 ee ae eee! | eee ee Uganda, E. Africa 
Singlys Eiocelyn’ <<. es ea aeneeenne eee ae Shantung Christian Univ., China 
Snaythy Wrancisisas: se: a ee ee eee Univ. of Calif. Med. 
Sid Pye ail Paes RA eae Beer te. Peet Peiping Union Med. Coll. 
Sin yidlers: dit Oa So ees at eas £8 ey tae Rockefeller Foundation 
SODO teas EI EELS. lee oe ll ee Nee ee Hs BO nae Ee Mt. Sinai Hosp., N. Y. 
Sodeman,Walliam As. e522 es eee ee ee eee Tulane Univ. 
Soffer: Wuonis: Wii! 4.252 eee on eo en eee eres Mt. Sinai Hosp., N. Y. 
Soley; Mi tle. 250 eee Re: sy See nl eee Univ. of Calif. Med. 
Sollmann, VT orald cet etew eisai ee. ee ee Western Reserve Univ. 
Somogyi) Michaeli=. ar. eee ee Jewish Hosp., St. Louis, Mo. 
Soskins sSamnuelie sue, 1S ns Oe ee ee eee Michael Reese Hosp., Chieago 
Soules Meg Alc 2 ee ee ie) iene Tee Univ. of Mich. 
Spealman Cys. 2 peewee ene Sb MIE 8b tT ea Med. Coll. Va. 
Spencer ROSCGe Hise. a2 ee eee eee eee National Cancer Inst. 
Spernyd Wiarrenkee = ces  v e S N. Y. State Psychiatrie Inst. 
Spiegel: Wirnest 5... 218 hee) 2 ents Ee ee ek Eee Temple Univ. 
Spievel=A dolls Monat. she 2 es es ae ee ne ee Temple Univ. 
Spiess Joseph se tess oe tok Yee ee ee Se U. S. Dept. of Agriculture 
Spiess VWs ee a ee ee ee Birmingham, Ala. 
Spoink Wis Wists 2 she Ree Pe ee aed tale kel eae Univ. of Minn. 
SpPorsler NO jG we sos wed le  Sea ee LET Uniy. of Calif., L. A. 
Sprunts De Heese! 2 Sie ee eae eh eee Duke Hosp., N. Carolina 
Staimishy., SW. cd pets: eee ee oa gee hot Danville, Pa. 
Stanley,¢-Wendell@M,: 1 ss 2 ees eee ae Sop ee eee Rockefeller Inst. 
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Lillie F. R., Lillie R. S., Luckhardt A. B., 
MeLean F., Miller C. P. Jr., Miller B. F,, 
Moore C. R., Mullin F. J., Palmer W. L.., 
Phemister D. B., Ragins I. K., Ricketts H. T., 
Robertson O. H., Schlutz F. W., Steiner P. E., 
Still E. U., Weiss P. A. 

University of Illinois—Arnold L., Bachem 
A., Bailey P. V., Bergeim O., Bucy P. C., Cole 
A. G., Cole W. H., Gellhorn E., Herrold R. D., 
Keeton R. W., Levinson S. A., MeGuigan 
H. A., Mitchell H. H., Nedzel A. J., Novak 
M. V., Oldberg E., Pilot I., Popper H., Puestow 
C. B., Reed C. I., Roberts E., Rose W. C., 
Rosenthal S. R., Schour I., Steggerda F. R., 
Tanner F. W., Wakerlin G. E., Weiss E., 
Welker W. H. 

Northwestern University—Abt A. F., Alt 
Hi. f., Aron H. C. S., Bing F.C., Day A. A., 
Dragstedt C. A., Farmer C., Gray J. S., Gunn 
F. D., Hepler O. E., Ivy A. C., Jones K. K., 
Kendall A. I., Pollock L. F., Rhoads P. S., 
Simonds J. P., Starr M. P., Turner C. D., 
Walker A. W., Weil A., Windle W. F. 

Miscellaneous—Boyd T. E., Buehbinder W. 
C., Cohn -D. J., Davis D. J., Davis M. E., 
Givens M. H., Gustus HE. L., Hambourger W. E., 
Hinrichs M. A., Hoffman W. S., Horwitt M. K., 
Howell K. M., Isaaes R., Jacobs H. R., Katz 
L. N., Kune M. M., Levine R., Lueth H. C., 
Necheles H., Nielsen C., Nice, L. B., Oesting 
R. B., Popper H. L., Richards R. K., Roberts 
R. G., Rubenstein B. B., Schultz O. T., Sendroy 
J. Jr., Shaughnessy H. J., Sheinin J. J., Soskin 
S., Sweany H. C., Tannenbaum A., Taubenhaus 
M., Templeton R. D., Thompson W. O., Tweedy 
W. R., Wang C. C. 

Iowa Section 

State University of Iowa—Barer A. P., Berg 
C. P., Bodine J. H., Brinkhous K. M., DeGowin 
HK. L., Fowler W. M., Gibson R. B., Greene 
J. A., Gross H. G., Hale W. M., Hare K., Hines 
H. M., Ingram W. R., Jahn T. L., Jeans P. C., 
Knowlton G. C., Korns H. M., Loehwing W. F., 
McClintock J. T., Marsh G., Mattill H. A., 
Paul W. D., Plass E. D., Smith F. M., Smith 
H. P., Steindler A., Tuttle W. W., Warner 
HE. D., Winter C. A., Witschi E. 

Towa State College—Becker KE. R., Buchanan 
R. E., Hammer B. W., Hewitt H. A., Levine M., 
Nelson V. E., Smith E. A., Tauber O. E., 
Werkman o. H. 


Minnesota Section 
University of Minnesota—Amberg §S., An- 
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derson J. E., Armstrong W. D., Barnes R. H., 
Bieter R. N., Bollman J. L., Boothby W. W., 
Boyden E. A., Burr G. O., Clark W. G., Claw- 
son B. J., Evans G. T., Green R. G., Hansen 
A. E., Hemingway A., Henrici A. T., Kendall 
EK. C., Keys A., King J. T., Kirschbaum A., 
Larson W. P., McKinley J. C., McQuarrie L., 
Miller E. §., Palmer L. §., Petersen W. E., 
Rasmussen A. T., Rosenow E. C., Samuels 
L. T., Sanford A. H., Scammon R. E., Scott 
F. H., Skinner C. E., Spink W. W., Stenstrom 
W., Stoesser A. V., Visscher M. B., Wangen- 
steen O. H., Watson C. J., Wells L. J.. Wright 
H. N., Ziegler M. R. 

Mayo Foundation—Alvarez W. C., Code 
C. F., Essex H. E., Helmholz H. F., Higgins 
G. M., Hinshaw H. C., Magath T. B., Mann 
F. C., Sheard C. 

Miscellaneous—Booher L. E., Glick D. 


Missouri Section 


St. Louis University—Auer J., Broun G. O., 
Christensen K., Doisy E. A., Franke F. E., 
Graves W. W., Griffith W. H., Hertzman A. B., 
Jones L. R., Katzman P. A., Kinsella R. A., 
Krueger H. M., Kuntz A., Luyet B. J., Me- 
Caughan J. M., Pinkerton H. J., Shaklee A. O., 
Thayer S. A., Wade N. J., Werner A. A. 

Washington University—Alexander H. L., 
Bishop G. H., Bronfenbrenner J., Bulger H. A., 
Cooke J. V., Cori C. F., Cowdry E. V., Elman 
R., Erlanger J., Gilson A. S. Jr., Graham E. A., 
Graham H. T., Heinbecker P., Hershey A. D. 
Julianelle L. A., Key J. A., Kountz W. B., 
Lindegren C. C., Loeb L., Moore C. V. Jr., 
Moore R. A., O’Leary J. L., Olmstead W. H., 
Ronzoni E., Shaffer P. A., White H. L., Wo- 
mack N. A., Wood W. B. Jr. 

Miscellaneous—Cook C. A., Ellis M. M., 
Fleisher M. §S., Gray S. H., Hogan A. G., 
Jorstad L. H., Somogyi M., Turner C. W., 
Uber F. M. 


New York Section 


Carnegie Institute—Davenport C. B., Lahr 
EK. L., MacDowell E. C., Reynolds S. R. M., 
Riddle O. 

College of the City of New York—Dawson 
J. A., Etkin W., Goldforb A. J., Harrow B., 
Sayles L. P. 

Columbia University—Barth L. G., Dunn 
L. C., Gregory L. H., MacLeod G., Sherman 
H. C., Woglom W. H. College of Physicians 
and Surgeons—Abramson H. A., Andersen 
D. H., Atchley D. W., Barach A. L., Bauman L., 
Berg B. N., Boots R. H., Brand E., Chargaff E., 


Mempsers’ List (By SECTIONS) 


Clark A. R., Clarke H. T., Copenhaver W. M., 
Danforth D. N., Dawson M. H., Detwiler S. R., 
Dochez A. R., Elsberg C. A., Engle E. T., 
Evans T. C., Gies W. J., Goettsch E., Gregersen 
M. I., Gutman A. B., Hall I. C., Hanger F. 
M. Jr., Heidelberger M., Heiman J., Hobby 
G. L., Hopkins J. G., Jobling J. W., Jungeblut 
C., Kendall F. E:,-Kesten OH. D., Kurzrok R., 
Levin L., Levy R. L., Lieb C. C., Loeb R. F., 
McIntosh R., Mettler F. A., Meyer K., Miller 
EK. G. Jr., Mulinos M. G., Myers C. N., Olm- 
stead M. P., Oppenheimer B. S., Ornstein G. G., 
Palmer W. W., Pappenheimer A. M., Putnam 
T. J., Richter M., Root W. S., Ross V., Sanders 
M., Seegal B. C., Severinghaus A. E., Smelser 
G. K., Smetana H., Smith P. E., Sperry W., 
Steinbach M. M., Thomas A. W., Turner K. B., 
Wang 8. C., Webster J. P., Weiss H., Weld 
J. T., Werner 8S. C., West R., Williams H. B., 
Zucker T. F., Zwemer R. L. 

Cornell University Medical College—Andrus 
W. deW., Bagg H. J., Barr D. P., Cattell M., 
‘Cecil R. L., Chambers W. H., Dock W., DuBois 
K. F., DuVigneaud V., Edwards D. J., Hiser 
W. J., Ensworth H..K., Furth J., Gilligan 
D. R., Gold H., Grace A. W., Hatcher R. A., 
Hinsey J. C., Hardy J. D., Hehre EH. J., Kahn 
M. C., Ladd W. S., Levine S. Z., Loebel R. O., 
Magill T. P., Miles W. L., Milhorat A. T., 
Moore R. A., Neill J. M., Papanicolaou G. N., 
Plummer N., Pollack H., Reznikoff P., Robin- 
son G. C., Schloss O. M., Shorr E., Smith C. H., 
Stewart H. J., Stillman R. G., Sugg J. Y., 
Torrey J. C., Webster B., Wolff H. G., Wright 
Betsy 

Montefiore Hospital—Baumann E. J., Ellin- 
ger F. P., Levine M., Marine D., Ringer M., 
Rosen S. H., Sandberg M. 


Mt. Sina Hospital—Baehr G., Bender M. B., 
Bierman W., Crohn B. B., Doubilet H., Epstein 
A. A., Frank R. T., Geist S. H., Harkavy J., 
Hollander F., Karelitz S., Kohn J. L., Lewisohn 
R., Ottenberg R., Pick E. P., Rothschild M. A., 
Salmon U. J., Schick B., Schwartzman G., 
Sobotka H. H. 


New York Medical College—Cope O. M., 
Danzer C. §., Kleiner I. S., Stark M. B., 
Tauber H., Youland W. E. 


New York University Medical College— 
Bakwin H., Barber W. H., Batterman R. C., 
Bing R. J., Birnbaum G. L., Bodansky O., 
Brooks H., Bueding E., Burstein C. L., Cannan 
R. K., Chambers R., Charipper H. A., Co Tui 
F. W., DeBodo R., DeGraff A. C., Hisberg 
H. B., Gaunt R., Gettler A. O., Goldfarb W., 


Mempers’ List (By SEcTIONS) 


Goldfelder A., Goldring W., Graef I., Green- 
wald I., Gudernatsch F., Hall R. P., Hampel 
C. W., Helff O. M., Jolliffe N. H., Levy M., 
McEwen C., Marrazzi A. S., Nadler J. E., 
Neuwirth I., Pappenheimer A. M. Jr., Peck 
8. M., Ralli E. P., Ratner B., Rovenstine E. A., 
Rugh R., Silberberg M., Smith H. W., Stunk- 
ard H. W., Symmers D., Tillett W. S., Wallace 
G. B., Wilens S. L., Wortis J. 
_ New York Post-Graduate Medical School— 

Bailey C. V., Bruger M., Crampton C. W., 
Flexner J., Halsey R. H., Katayama I., Killian 
J. A., Mae Neal W. J., Marshall C. Jr., Sulz- 
berger M. B. 

Princeton University—Conklin EH. G., Har- 
vey EH. N., Johnson F. H., Swingle W. W. 

Rockefeller Institute—Amoss H. L., Avery 
O. T., Bauer J. H., Bergmann M., Clande A., 
Cohn A. E., Cole R., Flexner S., Florence L., 
Friedewald W. F., Gasser H. S., Goodner K., 
Hirst G. K., Hoagland C. L., Horsfall F. L. Jr., 
Jacobs W. A., Kidd J. G., Kunitz M., Land- 
steiner K., Lynch C. J., MacMaster P. D., 
Michaelis L., Mirsky A. E., Murphy J. B., 
Murray H. A. Jr., Northrop J. H., Olitsky 
P. K., Opie E. L., Osterhout W. J. V., Pearce 
L., Phillips R. A., Pickels E. G., Rivers T. M., 
Rous P., Shope R. E., Smadel J. E., Stanley 
W. M., Swift H. F., Ten Broeck C., Van Slyke 
D. D., Webster L. T. 

Rutgers University—Anderson J. F., Cole 
W. #H., Murray T. J., Nelson T. C., Reece R. P., 
Waksman §. A. 


Yale University—Anderson R. J., Baitsell 
G. A., Barbour H. G., Bayne-Jones S., Blake 
F. G., Cowgill G. Rs; Duran-Reynals F., Fulton 
J. F., Gardner W. U., Geiger A. J., Gilman A., 
Goodman L., Greene H. S. N., Harrison R. G., 
Harvey 8S. C., Hussey R., Johnson T. B., Miles 
W. R., Morse A., Nicholas J. S., Orten J. M., 
Oughterson A. W., Peters J. P., Powers G. F., 
Rosahn P. D., Salter W. T., Scheff G., Smith 
P. K., Stone L. S., Strong L. C., Thompson 
K. W., Van Wagenen G., White A., Winter- 
nitz M. C., Woodruff L. L., Yerkes R. M., 
Yudkin A. M., Zimmerman H. M. 


Miscellaneous—Adlersberg D., Anderson W. 
E., Ansbacher §., Antopol W., Arnow L. E., 
Barlow O. W., Behre J. A., Berg W. N., Blair 
J. E., Blatherwick N. R., Block R. J., Bernhard 
A., Bodansky A., Brodie M., Brown R., Bul- 
lowa J. G. M., Bunney W. E., Cerecedo L. R., 
Cheney R. H., Chidester F. E., Clark G. W., 
Climenko D. R., Chow B. F., Coca A. F., 
Collens W. 8., Coombs H. C., Curtis M. R., 
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Dakin H. D., Dalldorf G., Daniels A. L., Dotti 
L. B., Dubin H. E., Du Bois F. §., Eddy W. H., 
Eggston A. A., Emerson G. A., Famulener 
L. W., Ferraro A., Field C. W., Fine M. §S., 
Fishberg E. H., Forkner C. E., Foster R. H. K., 
Frankel F. H., Freedman L., Freund J., Funk 
C., Gager C. §., Garbat A. L., Gardner L. U., 
Gelarie A. J., Girden E., Glaubach S., Goldberg 
S. A., Goldfark W., Greene C. H., Greep R. 0O., 
Haig C., Harris I. F., Harris M. M., Harrop 
G. A. Jr., Haury V. G., Himwich H. E., Hiteh- 
ings G. H., Hooper C. W., Howitt B. F., Jaffe 
H. L., Jungherr E., Kirkbride M. B., King 
C. G., Kisch B., Kissen M., Knudson A., Koch 
M. O., Kopeloff N., Koster H., Kramer B., 
Krasnow F., Kugelmass I. N., Kurotchkin T. J., 
Kutiner A. G., Lambert R. A., Lancefield D. E., 
Landis C., Larson J. A., Leiter L., Levine P., 
Lichtenstein L., Loewe S., McIver M. A., Mack- 
enzie G. M., Maltaner E. J., Maltaner F., 
Mann H., Marmorsten J., Martin G. J., Martin 
S. J., Master A. M., Medlar E. M., Meyer A. E., 
Miller H. R., Millet J. A. P., Molitor H., 
Muckenfuss R. S., Muller H. J., Naumann 
H. N., Obreshkove V., Oliver J., Oliver W. W., 
Pack G. T., Pearce J. M., Petroff S. A., Pinner 
M., Ponder H., Rake G. W., Rakieten M. L., 
Ray G. B., Reiner L., Rhoads C. P., Rizzolo A., 
Rohdenburg G. L., Rose A. R., Rosenthal L., 
Rubin 8. H., Russell W. C., Salant W., Sawyer 
W. A., Schneider E. C., Schwind J. L., Seudi 
J. V., Seecof D., Seegal D., Shannon J. A., 
Sharlit H., Sherman W. B., Sherwin C. P., 
Sickles G. M., Smith C. A., Snyder J. C., Soffer 
L. J., Steele J. M., Sugiura K., Sutro C. J., 
Sweet J. H., Tauber H., Thalhimer W., Tolstoi 
H., Torrance C. C., Van Ihyke H. B., Vickery 
H. B., Victor J., Vogel K. M., Wadsworth 
A. B., Walzer M., Wheeler M. W., Weil A. J., 
Wiener A. 'S., Williams R. R., Wintersteiner O., 
Wolfe J. M., Wood F. €., Wright A. W., Zahl 
Pp. A. 


Pacific Coast Section 

University of California—Allen F. W., Alm- 
quist H. J., Althausen T. L., Asmundson V. S., 
Brooks M. M., Brooks §. C., Carr J. L., 
Chaikoff I. L., Cole H. H., Cook S. F., Hiler 
J. J., Evans H. M., Fraenkel-Conrat H., Goss 
H., Greenberg D. M., Gregory P. W., Gurchot 
C., Hart G. H., Hobmaier M., Hoskins W., 
Jukes T. H., Kerr W. J., Kleiber M., Kofoid 
C. A., Krichesky B., Krueger A. P., Lawrence 
J. H., Lipman C. B., Lucas W. P., Lucia S. P., 
Lyons W. R., Marshak A. G., Marshall M. S%., 
Mettier S. R., Meyer K. F., Montgomery M. L., 
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Morgan A. F., Ogden E., Okey R. E., Olmsted 
J. M. D., Page E. W., Perry I. H., Reed H.S., 
Rinehart J. F., Salle A. J., Sampson J. J., 
Schmidt C. L. A., Simpson M. E., Smyth F. &., 
Soley M. H., Walker H. L. 

Stanford University—Addis T., Barnett G. 
D., Baumberger J. P., Beard P., Blinks L. R., 
Bloomfield A. L., Child C. M., Clifton C. E., 
Cutting W. C., Danforth C. H., DeEKds F., 
Emge L. A., Faber H. K., Field J., Fluhmann 
C. F., Hall V. E., Hanzlik P. J., Holman E., 
Jameson E., Luck J. M., MeNaugh J. B., 
Manwaring W. H., Meyer A. W., Newman 
H. W., Read J. M., Reichert F. L., Rytand 
D. A., Schultz E. W., Shafer G. D., Stockton 
A. B., Stone C. P., Storey T., Tainter M. L., 
Weymouth F. W., Whitaker D. M., Wilson R. 

Miscellaneous—Biskind G. R., Eaton M.-D., 
Fevold H. L., Freed 8. C., Friedman M. W., 
Geiger E., Graeser J. B., Kaplan A., Koehler 
A. E., Langstroth L., Larson C. E., Pencharz 
R. I., Proescher F., Sansum W. D., Torrey 
Hi. B., Weiss C. 

Peiping Section 

Peiping Union Medical College—Anderson 
H. H., Chang H., Chen T. T., Chu F. T., Chung 
H. L., Feng T. P., Hoeppli R. J. C., Hu C. A, 
Hu Crk. Kronteld PRC. ui. C2. aims Gah. 
lim *R.. K., “Lin 8. @.,:Lin''s: H., Ma WC: 
Mu J. W., Snapper I., Tsen EH. T. H., Wong 
S: Cy Ww H.; Zia S. Be 

Miscellaneous—Chang H. C., Cheer S. N., 
Hou H., Ni T., Pak C., Read B. E., Smyly H. J. 

Rocky Mountain Section 

Miscellaneous—Boissevain C. H., Buchanan 
A. R., Clausen H. J., Corper H. J., D’Amour 
F. E., Draper W. B., Fenning C., Gassner 
F. X., Gustavson R. G., Hill R. M., Huddleston 
O. L., Lewis R. C., Longwell B. B., Ramaley 
F., Thompson R., Thorp F. Jr., Virtue R. W.., 
Wallin I. E., Ward J. C., Washburn A. H., 
Whitehead R. H., Wilgus H. 8. Jr. 

Southern Section 

Tulane University—Bass C. C., Burch G. E., 
Cummins H., Duval C. W., Faust E. C., Harris 
W. H., Hathaway E. 8., Katz G., Laurens H., 
Mayerson H. S., Matas R., Menville L. J., 
Musser J. H. Jr., Nadler S. B., Nelson E. E., 
Ochsner E. W. A., Scott L. C., Silverman D.N., 
Sodeman W. A., Toth L. A., Turner R. H. 

Louisiana State University— Ashman R., 
Brooks C., Burdon K. L., Burns E. L., Cohn L., 
Davis H. A., Haton A. G., Melampy R. M., 
Reynolds C., Swartzwelder J. C., Tripoli C. J. 

Miscellaneous—Boyee F. F., Calvin D. B., 


Mempsers’ List (By SECTIONS) 


Carmichael E. B., Casey A. E., Decherd G. M., 
Gregory R. L., Herrmann G. R., Keller A. D., 
Levine B. S., Poe C. F., Schattenberg H. J., 
Walton R. P. 

Southern California Section 

California Institute of Technology—Borsook 
H., Morgan T. H., van Harreveld A., Tyler 
D. B., Wiersma C. A. G. 

University of California at Los Angeles— 
Allen B. M., Ball G. H., Beckwith T. D., Dunn 
M. S., Fearing F., Gengerelli J. A., Jennings 
H. §S., Schechtman A. M., Sponsler O. L., 
Weinberg S. J. 

University of Southern California—Baldwin 
F. M., Butt E. M., Butts J. 8., Deuel H. J., 
Drury D. R., Greeley P. O., Hall E. M.,. Hoyt 
A. P.S., Kessel J. F., Mehl J. W., Scott G. H., 
Thienes C. H., Travis L. E. 

Scripps Institution of Oceanography—Fox 
D. L., Saunders F., Sumner F. B., Zobell C. EH. 

Miscellaneous—Alles G. A., Ball H. A, 
Bogen E., Bonner J., Burrows M. T., Farr 
L. E., Fisk R. T., Geiger E., Gilchrist F. G., 
Lamson R. W., MacKay H. M., MeGinitie G. 
K., Nathanson M. H., Pohlman A. G., Strouse 8. 

Western New York Section 

University of Buffalo—Bowen B. D., Dolley 
W. L. Jr., Edwards J. G., Emery F. E., Griffith 
F. R., Hubbard R. S., Humphrey R. R., Miller 
D. K., Neter E., Richards O. W., Vaughan 
8. L., Witebsky E., Youngburg G. E. 

Cornell University—Adolph W. H., Asdell 
8. A., Dukes H. H., Dye J. A.. Hagan W. A., 
Hayden C. E., Levine P. P., Leonard S. L., 
Liddell H. S., Maynard L. A., Norris L. C., 
Rahn O., Romanoff A. L., Sharp P. F., Sher- 
man J. M.,; Stark C. N., Sumner Joebe 
Travell J. 

University of Rochester—Adolph KH. F., 
Berry G. P., Bloor W. R., Bradford W. R. 
Carpenter C. M., Claussen 8. W., Culler HE. A., 
Fenn W. O., Hodge H. C., McCann W, S. 
McCoy O. R., Mason K. E., Meneely G. R. 
Morton, J. J., Mullins L. J., Murlin J. R. 
Syverton J. T., Tobin C, E, Wedd A. M. 
Whipple G. H., Wills J. H. 

Syracuse Unseersg abe R. K., Dooley 
M. S., Hegnauer A. H., Knowlton F. P., Man- 
well A. D., Mitchell O. W. H., Robb J. S., 
Weiskotten H. G., Wilson J. R. 

Wiscélinnzoue Seuallee EB. O., Hess W. Ny 
Thomas W. 8., Williams J. R. 

Wisconsin Section 

University of Wisconsin—Bast T. H., Bau- 

mann C. A., Bradley H. C., Bunting C. H., 
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Casida L. E., Clark P. F., Cole L. J., Duggar 
B. M., Elvehjem C. A., Hyster J. A. E., Gilbert 
EK. M., Guyer M. F., Hart H. B., Hastings E. J., 
Hellebrandt F. A., Irwin M. R., Johnson M. J., 
Keitt G. W., Lorenz W. F., Meek W. J., Meyer 
O. O., Meyer R. K., Middleton W. S., Nichols 
M. S., Parsons H. T., Peterson W. H., Phillips 
P. H., Reynolds C., Rusch H. P., Seastone 
C. V., Sevringhaus E. L., Stovall W. L., Sul- 
livan W. E., Tatum A. L., Wilson P. W., 
Witzemann E. J. 

Marquette University—Beckman H., Bock 
J. C., Carey EH. J., Quick A. J., Swindle P. F. 

Miscellaneous—Hansmann G.H.., Turner R.G. 


Not Affiliated With Sections 


Alabama—Carmichael HE. B., Foley J. O., 
Goss C. M., Hinman E. H., Keller A. D., Spies 
TED: 

Arkansas—Davis J. E., Day P. L., Sure B. 

Delaware—Angevine D. M., Linton R. W. 

Florida—Hawk P. B., Pellini E. J., Pomerat 
C. M., Young W. C. 

Georgia—Briggs A. P., Jacobs J. L., Kelly 
G. L., Sydenstricker V. P. 

Indiana—Bills C. E., Chen K. K., Clowes 
G. H. A., Corley R. C., Cox W. M. Jr., Helmer 
O. M., Hiestand W. A., McClung L. 8., Page 
I. H., Powell H. M., Scott V. B., Zerfas L. G. 

‘Kansas—Walters O. 8., Weber C. J. 

Kentucky—EHdwards P. R., Knoefel P. K., 
Lawson H. C. 

Maine—Little C. C., Morse T. S. 

Maryland— Johns Hopkins Uniwersity— 
Andrus EH. C., Blalock A., Blumberg H., Brown 
J. H., Buell Mary V., Burky E, L., Cohen B., 


Eastman N. J., Ellsworth R. M., Firor W. M., 


Geiling E. M. K., Holt L. E. Jr., Howe H. A., 
Lee F’. S., Leonard V., Long P. H., Longeope 
W. T., McCollum EH. V., Macht D. I., Mace- 
Kenzie C. G., Marshall E. K. Jr., Marshall 
W. H., Martin L., Maxey K. F., Meyer A., 
Park H. A., Pfeiffer J. A., Rich A. R., Richter 
C. P., Willer B. H. Miscellaneous—Amberson 
W. R., Burns R. K. Jr., Corner G. W., Figge 
Paiva: razier C. N., Erobisher M. Jr., 
Krantz J. C. Jr., Rubinstein H., Turner T. B., 
Uhlenhuth E., Von Oettingen W. F. 
Massachusetts—Boston City Hospital— 
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Acetaldehyde, pressor response, cocaine, 23. 
Adrenalectomy, food intake, wt., prolactin, cortex hor- 
mones effect, 231. K 

Alcohols, aliphatic, germicides, 138. 
Ammonium ion, central action, glutamic acid, 334. 
Anemia, pernicious, keto acids, hydroxyphenyl compd. ex- 
cretion, 202. 
Anoxia, carrot diet, 1. 
Antibiotic subst., antiluminescent activity, 136. 
Antibodies, Rh, milk, 280, 
Asterias forbesii, action of drugs, 85. 
Ayidin formation, stilbestrol, progesterone, . 142, 
ovary function, 140. 


Bacterial growth inhibition, nicotinic acid free glucose 
medium, 332. 
Blood As, mapharsen, 3. 
erythrocytes in hormone-treated fowl, 49. 
histamine, gastric cancer, ulcer, 335, 
occult, tests, milk, urine, 104, 
plasma antithrombic activity, 159. 
prothrombin, dicumarol, vit. K, 12. 
serum, anti-Rh, preparation, 293. 
silkworm, ultracentrifugation, 330. 
Brain, nigrohypothalamic fibers, 51. 
Brucella abortus, B. melitensis differentiation by precip- 
itin reaction, 197, 
Brucella growth, medium, 310. 


Cathartic salts, jejunal loop motility, 282. 
Cancer, gastric, blood histamine, 335. 
spontaneous Brease, barley treatment, 272. 

Cervical sympathetic trunk composition, 212. 

Chemotherapy, uniformly infected skin wounds for test, 
168. 

Cholic acid formation, milk, cholesterol estrogen, 296. 

Choline, chloroacetyl, choleretic effect, 95. 

Circulation time det’n., 294. 

Circulatory collapse, venous occlusion, cortical extr. saline, 
313. 

Cl. welchii infection, adrenal cortex hormones, 25. 

Cobra venom, morphine, saponins, ichthyometric compari- 
son, 111. 

Complement, 3rd component, est’n., 173. 

Coronary flow—organic nitrates, 184. 

Cystine deficiency, N balance, 18. 


Dermatitis on diet adequate for growth and reproduction, 
41. 

Dicumarol, liver, kidney, 358. 

Disinfectant testing, thioglycollate media, 287. 


Fat-poor diet, 205. 
Fever, chilling, artificial, body temperature response, 240. 


Gastric juice secretory depressant, 45. 
mucosa pH, gastroenterostomy, 99. 
intestinal pedicle grafts, 100. 

Gelatin, intrav., N retention, 46. 

Glutamic acid, central action NH4—, 334. 

Glycolic, glyoxylic acids, metaboligm, 216. 

Gonococci, sulfathiazole-resistant, 175. 

Gramicidin, tyrocidin, hemolysis, serum, 31. 


H. influenzae B, pneumococcus 6, antigenic relation, 289, 
315, 
Hamster, nutrition, 250. 
Heart rate, respiratory inspiration, 52. 
Histamine, skin, splanchnic nerve stimulation, 302. 
Hormone 
androgens, alteration by alcohol, 227. 
estrogen, cholic acid formation, 296. 
excretion in bile, 256. i 
gonadotropic extr., pituitary, augmentation by hemin, 
78. 


pituitary adrenotropic, adrenal cholesterol, 200. 
prepn. 199. 


pitocin tannate in oil, pregnant uterus, 195. 
post. pituitary extr., antidiuretic action, 
sectomy, 152. _ 
water uptake, hypophysectomy, infundibular lesion, 
108. 
progesterone, premature ovulation, 346. 
Hyaluronidase, ovum fertilization, 119, 
Hydrocarbons, marine sediments, oxidation, 133. 
Hypertension, blood pressure reduction by marine oils, 
162. 
hydroxytyramine action, 64. 
pepsitension, comparison, 61. 
Kidney function, hypophysis eosinophils, 114. 
nephrosclerosis, steroids, NaCl., 190. 
tubule resorption chloride, 74. 


hypophy- 


Lactation, hormones, 145. 

Lactobacillus casei amino acid needs, 36. 
Leukocyte count, differentiation, 20. 
Liver injury, Vit. B deficiency, 328. 
Lysine deficiency, biochemical lesion, 209. 
Lysozyme, azo-sulfonamides, 129. 


Magnetic susceptibility, beef tendon, 194. 
Mapharsen, blood As, trypanocide, 3. 
Methionine, cystine deficiencies, N balance, 18. 
Milk, Na*., 223. 


Neisseria, type identification, 72. 
Nerve graft, frozen-dried nerve, 326. 
impulse, electrical field, 189. 
Neurenteric canal, frog, 304. 
Nigrohypothalamic fibers, 51. 
Nippostrongylus muris, immunity, 67. 


Ovary function, oviduct avidin, 140. 

Ovulation failure, constant estrus, 312. 
premature after progesterone, 346, 

Oxygen tension, low, replacement by COs, 320. 


Pain thresholds, thymoxyethyldiethylamine, 317. 
Pancreas extr., vasodilator, 322. 
Penicillium notatum growth, antibacterial subst., 299. 
Penicillin resistance, pneumococci, 353. 
Pepsin, crystalline, amorphous, 131. 
Pepsitension, hypertension, comparison, 61. 
Phenylstilbonate, p-aminobenzoic acid detoxication, 188. 
Phosphatase, adenosine triactivity, salt conc., 38. 
Phosphocreatine, action potential energy source, 97. 
Photomicrography, ultraviolet, muscle, 80. 
gata a ah 6, H. influenzae B, antigenic relation, 289, 
315. 

Pneumonia, atypical, complement fixation, 121. 

penicillin resistant, 353. 
Poliomyelitis, incubation period, 86. 

thiamin excretion, 5. 
Pregnancy, mamma development, hormone needs, hypo- 

physectomy, 134. 
termination, fever, 76. 
toxemias, inulin-diodrast clearance, 245. 


Quinine, atabrine, subst., acridines, gram neg. b., 90. 


Radiation test object, physarum, 149. 
Rh antibodies, milk, 280. 
antiserum, prep., 293. 


Saliva acid formation, quinones, 307. 

aultadiaving by chewing paraffin containing the drug, 
Salmine sulfate, hepatic vascular occlusion, 215. 
Salmonella types, somatic antigens, 125. 
Salmonella typhimurium endotoxin, tumors, 116. 
Sarcoma, Rous, cytoplasmic change, 267. 
Shigella, paradysenteriae, sulfonamide resistant, 92. 
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Shock, acrolein relation, 363. 

adreno-cortical extr., 77. 

small ear blood vessels, 361. 
Silkworm blood, diseased, ultracentrifugation, 330. 
Skin reactivity, transfer by anti-protein sera, 238. 
Sodium”, secretion, milk, 223. 
Sorbitol, feeding effect on successive generations, 260. 
Spermatogenesis, hypophysectomy, pregneninoline, 341. 
Sterols, activated, hypercalcemia, 147. 
Stomach emptying, peppermint oil, 

NaoHPOs,, 274. 

Sugar tolerance test, intestinal resection, 186. 
Sulfadiazine, crystalluria prevention, 248. 

saliva, 54. 
Sulfaguanidine tolerance, vitamins, coliform b, 33. 
Sulfanilamide, Escherichia coli, anaerobiasis, 225. 
Sulfonamide action, substituted p-aminobenzoic acids, 155. 

intestinal flora, 276. 

tubercle b., 27. 
Syphilis, bone marrow, 128. 

test, vaccinia, 297. 


dehydrocholic acid, 


Thiochrome stability, hematin, 59. 

Thyroactive iodocasein, growth, 234, 236. 

Trichlorethylene, cardiovascular effect, 2. 

Trypanosoma cruzi, agglutination, intradermal tests, 56. 
blood lysins, 26. 

Tryptases, assay, 243. 

Tubercle b., sulfonamides, 27. 
antipromin action p-aminobenzoic acid, 180. 
phosphatide lesion, Na cinnamoylglycerol phosphatidic 

acid, 154, 

Tuberculosis, serum polysaccharide, 219. 

Tumor growth, inhibiting factors in grains, 269. 
hemorrhage agent, bacterial, 364. 
lung, 1:2:5:6-dibenzanthracene, 368. 
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Tyrocidin hemolysis, serum, 31. 
Urine, blood test, 104. 


Virus encephalitis, hamster susceptibility, 101. 
placental transmission immunity, 83. 
purification, 177. 
influenza, hemagglutinin, infective particle size, 261. 
pption, and conc., alum, 165. 
poliomyelitis, murine detection, blood, 
vesicular stomatitis, pH, stability, 254. 
West Nile, cultivation, chick embryo, 204. 
Vit. A absorption, eczema, 343. 
needs of infants, 265. 

B complex free diet, liver injury, 328, 
biotin assay, 15. 
deficiency, 

acid, 257. 

choline requirements, inheritance, 281, 
Dz, pro, activation, 11. 
deficiencies, production, 106. 
E deficiency, cod liver oil, rancidity, 285. 
K, dicumarol hypothrombinemia, 12. 
nicotinic acid deficiency, purified rations, 263. 
p-aminobenzoic acid, assay, 127. 

bacterial synthesis, 338. 

unknown deficiencies, 7. 
pyridoxine deficiency, turkey, 44. 
thiamin detn., 59. 

excretion, poliomyelitis, 5. 
tocopherol deficiency, muscle, brain lipids, 344. 


spleen, 88. 


succinylsulfathiazole, p-aminobenzoic 


Water exchange, hypophysectomy, adrenal, thyroid hor- 
mones, 349. 


